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The United States Environmental Protection Agency (U.S. EPA) requires that all 

environmental monitoring and measurement efforts mandated or supported by 

U.S. EPA participate in a centrally managed quality assurance (QA) program. 

Any party generating data under this program has the responsibility to implement 

minimum procedures to assure that precision, accuracy, completeness, and 

representativeness of its data are known and documented. To ensure the 

responsibility is met uniformly, each party must prepare a written QA Project Plan 

(QAPP) covering each project it is to perform; 

This QAPP presents the organization, objectives, functional activities, and 

specific Quality Assurance (QA) and Quality Control (QC) activities associated 

with the Remedial Investigation/Feasibility Study (RIIFS) for the Beloit 

Corporation Rockton Facility Site. This QAPP also describes the specific 

protocols which will be followed for sampling, sample handling and storage, 

chain-of-custody, and laboratory and field analysis. 

All QA/QC procedures will be in accordance with applicable professional 

technical standards, U.S. EPA requirements, government regulations and 

guidelines, and specific project goals and requirements. This QAPP is prepared 

by Warzyn Inc. (Warzyn) in accordance with the U.S. EPA QAPP guidance 

documents: 

• U.S. EPA, December 1980, Interim Guidelines and Specifications for 

Preparing Quality Assurance Project Plans, QAMS-005/80. 

• U.S. EPA, May 1991, Region V Model Superfund Quality Assurance 

Project Plan. 

• U.S. EPA, January 1989, Region V Content Requirements for Quality 

Assurance Project Plan. 
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1.1 SITE IDSTORY AND BACKGROUND INFORMA TI<)N 

The Beloit Corporation Rockton Facility (site) is located in Rockton Township, in 

north-central Illinois. The site lies in a mixed industrial and residential area 

approximately 3/4 mile north of the City of Rockton. The site occupies part of the 

northern half of Section 13 and the southeast quadrant of Section 12, T46N, RlE, 

Winnebago County, illinois. 

The Rl/FS boundary, as identified by the Illinois Environmental Protection 

Agency (IEPA), includes Beloit Corporation property, the neighboring 

Blackhawk Acres Subdivision and United Recovery Property. The site is 

bounded on the north by Prairie Hill Road, on the west by the Rock River, on the 

south by a line projected along a Beloit Corporation access road from Blackhawk 

Boulevard to the Rock River, and on the east by Blackhawk Boulevard. 

The Beloit Corporation, a subsidiary of Harnischfeger Industries, is a 

manufacturer of machines that produce layered paper products from paper pulp. 

Site features located on the Beloit Corporation property include the plant, a 

research and development center (R&D Center), wastewater treatment facility, a 

foundry sand disposal area, fibrous sludge spreading area, gravel pit and storage 

areas. Additional buildings located on the site include United Recovery, Safe-T

W ay, and homes in the Blackhawk Acres Subdivision. 

1.2 PAST DATA COLLECTION ACTIVITY/CURRENT STATUS 

The site was officially entered on the National Priorities List (NPL) on August 30, 

1990, with a hazard Ranking Score· of 52.08. 

The site has been subject of a number of investigations since 1980. A discussion 

of the investigations is provided in the Site Evaluation Report (SER) (Warzyn, 

1991). 

1.3 PROJECT OBJECTIVES AND SCOPE 

The purpose of the RI is to gather sufficient information to quantify risk to public 

health and environment (Baseline Risk Assessment) and to develop and evaluate 

viable remedial alternatives (Feasibility Study) at the site. The objectives of the 

RI are to determine the nature and extent of contamination at the site in order to 
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support the activities of the FS. The objective of th~ RifFS is to develop and 
evaluate appropriate remedial action alternatives based on the RifFS data. 

The primary remedial objectives of the data collection are as follows: 

• Collect sufficient data on all contaminated media to support the baseline 
risk assessment and feasibility study, 

• Further defme the nature and extent of groundwater contamination, as well 
as identify potential source(s) of the contamination, 

• Acquire data necessary to determine potential contaminant migration 
pathways and transport rates, 

• Further defme the nature and extent of on site soil contamination, and 

• Determine background groundwater and soil quality. 

All tasks, subtasks and activities are directed toward the accomplishment of these 
primary objectives. Refer to the Work Plan for a detailed description of the RI 
tasks, subtasks and activities. 

1.4 SAMPLE NETWORK DESIGN AND RATIONALE 

The sample network design and rationale for sample locations is described in 
detail in Section 3 of the FSP (refer to Appendix A). 

1.5 PARAMETERS TO BE TESTED AND FREQUENCY 

Sample matrices, analytical parameters, and frequencies of sample collection can 
be found in Table 1-l. A summary of sample volume, bottle, preservative, and 
packaging requirements is provided in Table l-2. 

1.6 INTENDED DATA USAGE AND DATA QUALITY OBJECTIVES 

Data Quality Objectives (DQOs) are qualitative and quantitative statements which 
specify the quality of the data required to support decisions made during the 
RI/FS activities, and are based on the end uses of the data to be collected. As 
such, different data uses may require different levels of data quality. There are 
five analytical levels which address various data uses and the QNQC effort and 
methods required to achieve the desired level of quality. These levels are: 

.. 

.... 

.... 

... 

-

-
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-
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• Screening (DQO Level 1): This provides the lowest data quality but the 

the most rapid results. It is often used for health and safety monitoring at 

the site, preliminary comparison to Applicable or Relevant and 

Appropriate Requirements (ARARs), initial site characterization to locate 

areas for subsequent and more accurate analyses, and for engineering 

screening of alternatives (bench-scale tests). For the site, data generated 

under DQO Level I are for health and safety monitoring. Health and 

Safety Monitoring activities are described in the Site-Specific Health and 

Safety Plan (HSP) and are not covered in this QAPP. 

• Field Analyses (DQO Level 2): This provides rapid results and better 

quality than in Level 1. This level may include mobile laboratory 

generated data depending on the level of quality control exercised. For the 

site, data generated under DQO Level 2 are: the determination of pH, 

conductivity, temperature, and water level measurements in groundwater. 

In addition, soil gas and groundwater VOC data generated by field GC are 

considered DQO Level 2. 

• Engineering (DQO Level 3): This provides an intermediate level of data 

quality and is used for site characterization. Engineering analyses may 

include mobile laboratory generated data and some analytical laboratory 

methods (e.g., laboratory data with quick turnaround for screening, but 

without full quality control documentation, or confirmed identification and 

quantification data, with built-in QNQC, including calibration runs, 

surrogate standards, etc., and external QNQC such as duplicate samples, 

field blanks, etc.). For the site, data generated under DQO Level 3 are the 

physical characterization of soils for grain size distribution, and the 

indicator parameters (alkalinity, chloride, sulfate, total dissolved solids 

(IDS), nitrate and nitrite nitrogen, ammonia nitrogen, and total phenolics) 

for groundwater samples. 

• Confirmational (DQO Level 4): This provides the highest level of data 

quality and is used for purposes of risk assessment, evaluation of remedial 

alternatives, and Potentially Responsible Party (PRP) determination. 

These analyses require full Contract Laboratory Program (CLP) analytical 

and data validation procedures in accordance with U.S. EPA recognized 

protocol. For the site, data generated under DQO Level4 are the Target 

Compound List (TCL) organic and Target Analyte List (TAL) inorganic 

parameters for groundwater and soil matrices. 

• Non-Standard (DQO Level 5): This refers to analyses by non-standard 

protocols, for example, when exacting detection limits or analysis of an 

unusual chemical compound is required. These analyses often require 
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method development or adaptation. The level of quality control is usually 

similar to DQO Level4 data. These analyses require full CLP analytical 

and data validation procedures in accordance with U.S. EPA recognized 

protocol. DQO Level 5 data is not anticipated for the site. 

A summary of data generating activities, intended data uses and associated DQOs 

for the site are presented in Table 1-3. 

1.7 PROJECT SCHEDULE 

A schedule of RifFS activities for the site is presented in the Work Plan. 
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PROJECT ORGANIZATION 

AND RESPONSIBILITY 

At the direction of the IEPA and the Beloit Corporation, Warzyn will be 

conducting all phases of the RIIFS. Warzyn will perfonn the field investigation, 

prepare the RI report, and perfonn the subsequent FS. Project management will 

also be provided by W arzyn, under the direction of the Beloit Corporation. The 

various quality assurance and management responsibilities of key project 

personnel are defined below. Refer to Figure 2-1 for the project organizational 

chart. 

2.1 OVERALL RESPONSffiiLITY 

Dlinois EPA Remedial Project Manager 
The IEPA Remedial Project Manager (RPM) is Mr. Paul Takacs. The ~PM has 

the overall responsibility for all phases of the RIIFS. 

Beloit Corporation Site Project Manager 
The Beloit Corporation Site Project Manager is Mr. Mike Radcliffe. The Site 

Project Manager is responsible for implementing the project, and has the authority 

to commit the resources necessary to meet project objectives and requirements. 

The Site Project Manager's primary function is to ensure that technical, fihancial, 

and scheduling objectives are achieved successfully. He will report directly to the 

IEPA RPM and will provide the major point of contact and control for matters 

concerning the project. 

Warzyn Project Manager 
The Warzyn Project Manager is Mr. Kevin Domack. The Warzyn Project 

Manager has the overall responsibility for ensuring that the project meets IEPA 

objectives and W arzyn 's quality standards. In addition, he is responsible for 

technical quality control and project oversight, and will provide the Site Project 

Manager with access to corporate management 

The Beloit Corporation Site Project Manager and W arzyn Project Manager will: 

RECEIVED 
• Define project objectives and develop a detailed work plan schedule; 

JUN 2 2 1992 
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• Establish project policy and procedures to address the specific needs of the 

project as a whole, as well as the objectives of each task; 

• Acquire and apply technical and corporate resources as needed to ensure 

petformance within budget and schedule constraints; 

• Orient field leaders and support staff concerning the project's special 

considerations; 

• Monitor and direct the field leaders; 

• Develop and meet ongoing project and/or task staffing requirements, 

including mechanisms to review and evaluate each task product; 

• Review the work performed on each task to assess its quality, 
responsiveness, and timeliness; 

• Review and analyze overall task performance with respect to planned 

requirements and authorizations; 

• Approve all external reports (deliverables) before their submission to the 

IEPA; 

• Ultimately be responsible for the preparation and quality of interim and 
final reports; and 

• Represent the project team at meetings and public hearings. 

Warzyn Remedial Investigation Leader 
The W arzyn RI Leader is Mr. Thomas Karwoski. The RI Leader is a support to 

the W arzyn Project Manager. He is responsible for leading and coordinating the 

day-to-day activities of the various resource specialists under his supervision. The 

RI Leader is a highly experienced environmental professional and will report 

directly to the Warzyn Project Manager. Specific responsibilities include: 

• Provision of day-to-day coordination with the Project Managers on 
technical issues in specific areas of expertise; 

• Development and implementation of field-related work plans, assurance of 

schedule compliance, and adherence to management-developed study 
requirements; 

-
-

-
-

-

-
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• Coordination and management of field activities including sampling, 

drilling, and field staff; 

• Implementation of QC for technical data provided by the field staff 

including field measurement data; 

• Adherence to work schedules provided by the Project Managers; 

• Review and approval of text and graphics required for field team efforts; 

• Coordination and oversight of technical efforts of subcontractors assisting 

the field team; 

• Identification of problems at the field team level, discussion of resolutions 

with the Project Managers, and provision of communication between team 

and upper management; and 

• Participation in the preparation of the final RI report. • 

Technical Staff 
The technical staff for this project will be drawn from Warzyn's pool of corporate 

resources. The technical team staff will be utilized to gather and analyze data, and 

to prepare various task reports and support materials. All of the designated 

technical team staff are experienced professionals who possess the degree of 

specialization and technical competence required to effectively and efficiently 

perform the required work. 

W arzyn Quality Assurance Officer 
The Warzyn Quality Assurance Officer (QAO) is Mr. John Dadisman. The QAO 

will remain independent of direct job involvement and day-to-day operations, and 

has direct access to corporate executive staff as necessary to resolve any QA 

dispute. He is responsible for auditing the implementation of the QA program in 

conformance with the demands of specific investigations, W arzyn' s policies, and 

U.S. EPA requirements. Specific functions and duties include: 

• Provide QA audit on various phases of the field operations; 

• Review and approval of QA plans and procedures; and 

• Provide QA technical assistance to project staff; 

IEPA Quality Assurance Officer 
The IEPA QAO has the responsibility to review and approve the QAPP. The 

IEPA QAO is Mr. Jim Shaw. 
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2.2 SPECIALIZED RESPONSffill..ITIES 

2.2.1 Monitoring and Sampling Operations and QC 

• Principal Engineering Ft.nn - W arzyn, Madison, Wisconsin 
• Drilling - To be determined through bidding process. 
• Sampling, Monitoring and Survey- Warzyn, Madison, Wisconsin 
• On Site Day-to-day Field Activities- RI Leader, Warzyn, Madison, 

Wisconsin 
• Quality Control- QAO, Warzyn, Madison, Wisconsin 

2.2.2 Laboratory Key Personnel 

Laboratory Project Manager - The W arzyn Laboratory Project Manager is Gordqn 
Gerry. The CompuChem Laboratory Project Manager is Angela Haas. The 
Laboratory Project Manager is responsible for ensuring all resources of the 
laboratory are available on an as-required basis and providing an overview of the 
fmal analytical reports. 

Laboratory Operations Manager - The W arzyn Laboratory Operations Manager is 
Gordon Gerry. The CompuChem Laboratory Operations Manager is Richard 
Bloom. The Laboratory Operations Manager coordinate laboratory analyses, and 
oversee sample analysis, data review, and report preparation. The Laboratory 
Operations Manager approves the final report prior to submission. 

Laboratory Quality Assurance Officer- The Warzytl Laboratory Quality 
Assurance Officer (QAO) is Rick Mealy. The CompuChem Laboratory QAO is 
Robert Whitehead. The laboratory QAO is responsible for overview of all 
QNQC, and as such conducts detailed data reviews. In addition, all corrective 
actions are approved by the QAO. 

Laboratory Sample Custodians - The Laboratory Sample Custodian will: 

• receive and inspect the incoming sample containers 

• record the condition of the incoming sample containers 

• sign appropriate documents 

• verify correct chain-of custody 

• notify appropriate laboratory of sample receipt and inspection 

-

-
-

-
-

-

-

-
-
-
-
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• assign unique laboratory identification number to each sample and enter 

into the sample receiving log 

• initiate transfer of the samples to the appropriate lab sections 

• control and monitor access to sample and extract storage, and maintain in

house custody 

2.2.3 Laboratory Analysis 

• Analysis of groundwater and soil samples as for TCL organics specified in 

Table 1-1: 

CompuChem Laboratory 
3308 Chapelhill/Nelson Highway 

Research Triangle Park, North Carolina, 27709 

• Analysis of groundwater and soil samples for TAL inorganics as specified 

in Table 1-1: 

Warzyn Inc. 
One Science Court 
University Research Park 
Madison, Wisconsin, 53711 

• Analysis of samples for indicator parameters (alkalinity, chloride, sulfate, 

total dissolved solids (TDS), nitrate and nitrite, ammonia, total phenolics) 

as specified in Table 1-l: 

Warzyn Inc. 
One Science Court 
University Research Park 
Madison, Wisconsin, 53711 

• Analysis of sediment/soil samples for physical characteristics (grain size 

analysis) as specified in Table 1-l: 

W arzyn Soils Laboratory. 
505 Science Drive 
Madison, WI 53711 
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• Analytical protocol specified - W arzyn, Madison, Wisconsin 
• Review of analytical protocol - CompuChem, W arzyn technical staff 
• Review of analytical procedures- IEPA Quality Assurance Section (QAS) 
• Internal QA/QC - Laboratory QAO, CompuChem, W arzyn 
• Final data review and validation- Chemist, Warzyn, Madison, Wisconsin 
• Review of tentatively identified compounds and assessment of need for 

confirmation- Chemist, Warzyn, Madison, Wisconsin 

2.2.5 Performance and Systems Audits 
Field Operations 

• Internal Audits - QAO, W arzyn, Madison, Wisconsin 
• External Audits - IEPA 

Analytical Laboratories 

• Internal Audits - Laboratory QAO, CompuChem, W arzyn 
• External Audits - IEPA 

Final Evidence File 

• Final Evidence File Audits - QAO, W arzyn, Madison, Wisconsin 
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QUALITY ASSURANCE OBJECTIVES 

FOR MEASUREMENT DATA 

The overall QA objective is to develop and implement procedures for field 

sampling, chain-of-custody, laboratory analysis, and reporting that will provide 

results which are legally defensible in a court of law. Specific procedures for 

sampling, chain-of-custody, laboratory instruments calibration, laboratory 

analysis, reporting of data, internal quality control, audits, preventative 

maintenance of field equipment, and corrective action are described in other 

sections of this QAPP. The purpose of this section is to address the specific 

objectives for accuracy, precision, completeness, representativeness, and 

comparability. 

3.1 LEVEL OF QUALITY CONTROL EFFORT 

Field blank, trip blank, duplicate, and matrix spike samples will be analyzed to 

assess the quality of the data resulting from the field sampling program. Field and 

'trip blanks consisting of deionized water, will be submitted to the analytical 

laboratories to provide the means to assess the quality of the data resulting from 

the field sampling program. Field blank samples are analyzed to check for 

procedural contamination at the site which may cause sample contamination. Trip 

blanks are used to assess the potential for contamination of samples due to 

contaminant migration during sample shipment and storage. Duplicate samples 

are analyzed to check for sampling and analytical reproducibility. Matrix spikes 

provide information about the effect of the sample matrix on the digestion and 

measurement methodology. Matrix spikes are performed in duplicate for organic 

analyses, and are hereinafter referred to as matrix spike/matrix spike duplicate 

(MS/MSD) samples. MS/MSD samples are designated/collected for organic 

analyses only. 

The general level of the QC effort will be one field duplicate and one field blank 

for every 10 or fewer investigative samples. One volatile organic analysis (VOA) 

trip blank consisting of deionized, ultra pure water, will be included along with 

each shipment of aqueous VOA samples. 

MS/MSD samples are investigative samples. Soil MS/MSD samples require no 

extra volume for VOAs or extractable organics. However, aqueous MS/MSD 
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samples must be collected at triple the volume for VOAs and double the volume 
for extractable organics. One MS/MSD sample will be collected/designated for 
every 20 or fewer investigative samples per sample matrix (i.e., groundwater, 
soil). The number of field duplicate and field blank samples to be collected for 
this site are listed in Table 1-1. Sampling procedures are specified in the FSP 
(refer to Appendix A). 

Soil and groundwater samples will be sent to CompuChem and Warzyn for 
analysis. Parameter lists and required quantitation levels are summarized in 
Tables 3-1, 3-2, and 3-3. 

The level of laboratory QC effort for testing of TAL in organics and TCL organics 
is specified in the current CLP Statements of Work (SOWs): ILMOl.O for 
inorganics, OLM02.0 for organics. The levels of laboratory QC effort for 
indicator parameters are specified in Table 3-6. 

The level of field QC effort for pH, specific conductance and temperature is 
specified in the method SOPs, and summarized in Table 3-6. The level of QC 
effort for the field GC volatiles analysis is specified in the SOP presented in. 
Appendix C3, and summarized in Table 3-6. 

3.2 ACCURACY, PRECISION, AND SENSITIVITY OF ANALYSES 

The fundamental QA objective with respect to accuracy, precision, and sensitivity 
of laboratory analytical data is to achieve the QC acceptance criteria of the 
analytical protocols. 

TCL Organics/TAL Inorganics 
Laboratory analysis of TCL organics and TAL in organics will follow the current 
CLP SOWs (OLM02.0 for organics, ILMOl.O for inorganics). The accuracy and 
precision, and sensitivity requirements are summarized within the CLP SOWs. 

Indicators 
SOPs for the indicator parameters (alkalinity, chloride, sulfate, TDS, nitrate and 
nitrite nitrogen, ammonia nitrogen and total phenolics) are provided in Appendix 
B. The accuracy and precision requirements of these analyses are summarized in 
Table 3-6. The sensitivity requirements of these analyses are summarized in 
Table 3-3. 

Field Measurements 
SOPs for the field equipment to measure pH, conductivity, and temperature are 
provided in Appendix C. The accuracy and precision requirements of these 
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analyses are summarized in Table 3-6. The sensitivity requirements of these 

analyses are summarized in Table 3-3. 

The SOP for the Field GC VOC Scree-ning procedure is provided in Appendix C. 

The accuracy and precision requirements are summarized in Table 3-6, and 

sensitivity requirements in Table 3-4. 

Physical Characteristics 
Determination of grain size distribution will follow the method referenced in 

Table 3-5. The SOP for the grain size distribution is provided in Appendix B. 

The accuracy and precision requirements and sensitivity requirements for grain 

size distribution analysis are summarized in Tables 3-6 and 3-3, respectively. 

3.3 COMPLETENESS, REPRESENTATIVENESS, 
AND COMPARABILITY 

Completeness is a measure of the amount of valid data obtained from a 

measurement system compared to the amount that was expected to be obtained 

under normal conditions. It is expected that the participating laboratories will 

provide data meeting QC acceptance criteria for 95 percent or more for all 

samples tested using the SOWs and SOPs referenced in Section 3.2. Following 

completion of the analytical testing, the percent completeness will be calculated 

by the following equation: 

Completeness (%) = NB x 100 

where, A = number of valid data 
B = number of samples collected for each parameter analyzed 

Representativeness expresses the degree to which data accurately and precisely 

represent a characteristic of a population, parameter variations at a sampling 

point, a process condition, or an environmental condition. Representativeness is a 

qualitative parameter which is dependent upon the proper design of the sampling 

program and proper laboratory protocol. The sampling network was designed to 

provide data representative of site conditions. During development of this 

network, consideration was given to past site activities, existing analytical data, 

physical setting and processes, and constraints inherent to the Superfund program. 

The rationale of the sampling network is discussed in detail in the FSP. 

Representativeness will be satisfied by insuring that the FSP is followed, proper 

sampling technique are used, proper analytical procedure are followed, and 

holding times of the samples are not exceeded in the laboratory. 

Representativeness will be assessed by the analysis of field duplicate samples. 
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Comparability expresses the confidence with which one data set can be compared 
with another. The extent to which existing and planned analytical data will be 
comparable, depends on the similarity of sampling and analytical methods. The 
procedures used to obtain the planned analytical data, as documented in the 
QAPP, are expected to provide comparable data. These new analytical data, 
however, may not be directly comparable to existing data because of differences 
in procedures and QA objectives. 
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SAMPLING PROCEDURES 

Sampling procedures are described in the FSP which is contained in Appendix A 

of this document. 
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SAMPLE CUSTODY AND DOCUMENTATION 

It is U.S. EPA policy to follow the U.S. EPA sample custody, or chain-of-custody 

protocols described in "NEIC Policies and Procedures", EPA-330/9-78-DDI-R, 

Revised June 1985. This custody is in three parts: sample collection, laboratory 

analysis, and final evidence files. Final evidence files, including all originals of 

laboratory reports and purge files, are maintained under document control in a 

secure area. 

A sample or evidence file is under your custody if they: 

• are in your possession; 

• are in your view, after being in your possession; 

• are in your possession and you place them in a secured location; or 

• are in a designated secure area. 

5.1 FIELD-SPECIFIC CUSTODY PROCEDURES 

The sample packaging and shipment procedures summarized below will insure 

that the samples will arrive at the laboratory with the chain-of-custody intact. The 

protocol for sample designations are included in the FSP, Appendix A, of this 

QAPP. 

5.1.1 Initiation of Chain-of-Custody Field Procedures 

The field sampler is personally responsible for the care and custody of the 

samples until they are transferred or properly dispatched to the laboratory. As 

FEW people as possible should handle the samples. 

All bottles will be tagged with sample numbers and locations. 

Sample tags are to be completed for each sample using waterproof ink unless 

prohibited by weather conditions. For example, a logbook notation would explain 

that a pencil was used to fill out the sample tag because the ballpoint pen would 

not function in freezing weather. 

5.1.2 Field Logbooks/Documentation 

'Field logbooks will provide the means of recording data collecting activities 

performed. As such, entries will be described in as much detail as possible so that 
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persons going to the site could re-construct a particular situation without reliance 
on memory. 

Field logbooks will be bound, field survey books or notebooks. Logbooks will be 
assigned to field personnel, but will be stored in the document control center 
when not in use. Each logbook will be identified by the project-specific document 
number. 

The title page of each logbook will contain the following: 

• person to whom the logbook is assigned, 
• logbook number, 
• project name, 
• project start date, and 
• project end date. 

Entries into the logbook will contain a variety of information. At the beginning of 
each entry, the date, start time, weather, names of all sampling team members 
present, level of personal protection being used, and the signature of the person 
making the entry will be entered. The names of visitors to the site, field sampling 
or investigation team personnel, and the purpose of their visit will also be 
recorded in the field logbook. 

Measurements made and samples collected will be recorded. All entries will be 
made in ink, and no erasures will be made. If an incorrect entry is made, the 
information will be crossed out with a single strike mark. Whenever a sample is 
collected, or a measurement is made, a detailed description of the location of the 
station, which includes compass and distance measurements, shall be recorded. 
The number of the photographs taken of the station, if any, will also be noted. 
The equipment used to make measurements will be identified, along with the date 
of calibration. 

Samples will be collected following the sampling procedures documented in the 
FSP, Appendix A, of this QAPP. The equipment used to collect samples will be 
noted, along with the time of sampling, sample description, depth at which the 
sample was collected, volume and number of containers. A sample identification 
number will be assigned prior to sample collection. Field duplicate samples, 
which will receive an entirely separate sample identification number, will be 
noted under sample description. 

5.1.3 Transfer of Custody and Shipment Procedures 
Samples are accompanied by a properly completed chain-of-custody form. The 
sample nqmbers and locations will be listed on the chain-of-custody form. When 
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transferring the possession of samples, the individuals relinquishing and receiving 

will sign, date, and note the time on the record. This record documents transfer of 

custody of the samples from the sampler to another person to a mobile laboratory, 

to the permanent laboratory, or to/from a secure storage area. 

Samples will be properly packaged for shipment and dispatched to the appropriate 

laboratory for analysis, with a separate signed custody record enclosed in each 

sample box or cooler. Shipping containers will be locked and secured with 

strapping tape and custody seals for shipment to the laboratory. The preferred 

procedure includes the use of a custody seal attached to the front right and back 

left of the cooler. The custody seals are covered with clear plastic tape. The 

cooler is strapped shut with strapping tape in at least two locations. 

Whenever samples are split with another source. or government agency, a separate 

sample custody record is prepared for those samples, and marked to indicate with 

whom the samples are being split with. The person relinquishing the samples to 

the facility or agency should request the representatives signature acknowledging 

the sample receipt. If the representative is unavailable or refuses, the person 

relinquishing the samples should note this in the "received by" space of the 

custody form. 

All shipments will be accompanied by the chain-of-custody record identifying the 

contents. The original record will accompany the shipment, and the pink and 

yellow copies will be retained by the sampler for returning to the sampling office. 

If the samples are sent by common carrier, a bill of lading should be used. 

Receipts of bills of lading will be retained as part of the permanent 

documentation. If sent by mail, the package will be registered with return receipt 

requested. Commercial carriers are not required to sign off on the custody forms 

as long as the custody forms are sealed inside the sample cooler, and the custody 

seals remain intact. The person shipping the samples should note the carrier name 

and airbill number on the chain-of-custody record. 

5.2 LABORATORY CHAIN-OF -CUSTODY PROCEDURES 

Laboratory custody procedures for the sample receiving and log-in; sample 

storage; tracking during sample preparation and analysis; and storage of data are 

described in the individual laboratory custody SOPs provided in Appendix D. 

5.3 FINAL EVIDENCE FILE CUSTODY PROCEDURE 

The final evidence file for the Beloit Corporation RUFS will be located at and 

maintained by W arzyn. The content of the evidence file will include all relevant 
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records, reports, correspondence, logs, field logbooks, laboratory sample 
preparation and analysis logbooks/documentation, analytical data packages, 
pictures, subcontractor reports, chain-of-custody records/forms, data review 
reports, etc .. The evidence file will be under custody of the file custodian in a 
locked, secured area. 
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CALIBRATION PROCEDURES 

AND FREQUENCY 

This section describes procedures for maintaining the accuracy of all the 

instruments and measuring equipment which are used for conducting field tests 

and laboratory analyses. These instruments and equipment should be calibrated 

prior to each use or on a scheduled, periodic basis. 

6.1 FIELD INSTRUMENTS/EQUIPMENT 

Instruments and equipment used to gather, generate, or measure environmental 

data will be calibrated with sufficient frequency and in such a manner that 

accuracy and reproducibility of results are consistent with the manufacturer's 

specifications. 

Equipment used during the field sampling will be examined to certify that it is in 

operating condition. This includes checking the manufacturer's operating manual 

and the instructions for each instrument to determine that all prior equipment 

problems are not overlooked, and all necessary repairs to equipment have been 

carried out 

Calibration procedures and frequencies for field instruments are governed by the 

specific field SOPs provided in Appendix C. Field measurements include pH, 

specific conductivity,' and temperature. 

The field GC VOC screening instrument calibration requirements are similar to 

those for laboratory instruments, and are provided in Appendix C. 

6.2 LABORATORY INSTRUMENTS 

Procedures for the calibration of laboratory instruments must be established and 

maintained so that equipment is functioning properly and that data collected are 

accurate and reliable. Requirements include step-by-step calibration procedures, 

frequency of re-calibration, equipment maintenance logs, instrument accuracy 

criteria, corrective action procedures and equipment limitations (e.g., ·working 

ranges), and are described, in detail, in the SOPs provided in Appendix B, and the 

CLP SOWs for organics and in organics. 

JAH/vlr/JDD 
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ANALYTICAL PROCEDURES 

Groundwater and soil samples collected during field sampling activities for the 

Beloit Corporation RYFS will be analyzed by CompuChem and Warzyn. Refer to 

Table 1-1 for matrices, number of samples, parameters, and the laboratory 

performing the analysis. 

7.1 FIELD SCREENING ANALYTICAL PROTOCOLS 

The procedures for the field measurement of pH, temperature, and specific 

conductivity are described in the SOPs provided j.n Appendix C. 

The procedure for the field GC VOC Screening analysis is described in the SOP 

provided in Appendix C. 

7.2 LABORATORY ANALYSES 

Samples (groundwater and soil samples) for CLP TCL organics will be analyzed 

by CompuChem according 'to the analytical procedures set forth in the current 

CLP SOW OLM02.0. 

Samples (groundwater and soil samples) for CLP TAL inorganics will be 

analyzed by W arzyn according to the analytical procedures set forth in the current 

CLP SOW ILMO 1.0. 

Groundwater samples for indicator parameters analyzed by Warzyn will follow 

the SOPs in Appendix B. 

Analysis of soils for physical characteristics will be performed by the Warzyn 

Soils Laboratory using the methods provided in Appendix B. 

Refer to Table 7-l for a summary of analytical methods for all analyses. 
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INTERNAL QUALITY CONTROL CHECK 

8.1 FIELD SAMPLE COLLECTION 

The assessment of field sampling precision and accuracy will be made through the 

collection of field duplicates and field blanks in accordance with the procedures 

described in the FSP (Appendix A of this QAPP). Refer to Table 1-1 for a 

summary of sample numbers and required field QC samples. 

8.2 FIELD MEASUREMENTS 

QC procedures for field measurements of pH, specific conductivity, and 

temperature are limited to checking the reproducibility of the measurements by 

obtaining multiple readings on a single sample or standard, and by calibrating the 

instruments. Refer to Table 3-6 for a summary of QC requirements. 

QC procedures for field GC VOC screening are similar to those used for 

laboratory analyses. Internal quality control checks are integrated into the 

analytical methods. The overall objectives of the internal quality control checks 

are to verify the established precision, accuracy and integrity of the methodology 

and to support the technical validity of the data. Internal quality control checks 

for field GC VOC analysis will include daily method blanks, field duplicates, and 

continuing calibration standards. Refer to Table 3-6 for a summary of QC 

requirements. 

8.3 LABORATORY ANALYSIS 

The laboratories used for the analysis of samples for the Beloit Corporation RifFS 

(CompuChem and Warzyn Laboratories) have written QA/QC programs which 

provide rules and guidelines to ensure the reliability and validity of work 

conducted at the laboratory. Compliance with the QA/QC program is coordinated 

and monitored by the laboratory QAOs, which are independent of the operating 

departments. Laboratory procedures used are documented in writing and are 

provided or referenced in this QAPP. Internal quality control checks are an 

integral part of the analytical methods, and are discussed in detail within the 

analytical procedures. The overall objectives of the internal quality control 

checks are to verify the established precision, accuracy and integrity of the 

methodology and to support the technical validity of the data. Where appropriate, 
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internal quality control checks for other than those following the CLP SOWs will 
include method blanks, preparation/reagent blanks, calibration check samples, 
laboratory duplicates, matrix spikes and continuing calibration standards. 

The required quality control frequency and performance criteria for TCL organics 
and TAL inorganics are summarized in the current CLP SOWs OLM02.0 and 
ILMOI.O, respectively. 

The required quality control frequency and performance criteria for the indicator 
parameters, and grain size distribution are summarized in Table 3-6. 

The performing laboratories will document, in each data package provided, that 
both initial and ongoing instrument and analytical QC functions have been met. 
Samples analyzed in non-conformance with the QC criteria set forth, will be 
reanalyzed by the laboratory. It is expected that sufficient sample volume will be 
collected for reanalysis. 
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DATA REDUCTION, VALIDATION, 

AND REPORTING 

9.1 FIELD MEASUREMENTS AND SAMPLE COLLECTION 

Raw data from field measurements and sample collection activities will be 

appropriately recorded in the field logbook. Data will be review~d to ensure 

procedures were followed and QC requirements were met, however, no formal 

data validation effort will be performed. If the data are to be used in the project 

reports, they will be reduced onto data summary tables. 

9.2 LABORATORY SERVICES 

9.2.1 Data Reduction 
Each laboratory is responsible for identification, quantification, data reporting, 

and data deliverables for the analyses performed. Data reduction of TCL organic 

will follow the requirements set forth in the CLP SOWs (0LM02.0). Data 

reduction ofT AL inorganic and indicators data will follow the requirements set 

forth in the CLP SOW ILMO 1.0. Deliverables will include raw data, summaries 

of calibration standards, duplicates, spikes, blanks, and performance evaluation 

samples. 

9.2.2 Data Validation 
Organic data generated under a DQO Level of 4 will be validated by W arzyn 

using National Functional Guidelines for Organic Data Review, Revised June, 

1991, or most current guidelines available for each fraction (volatiles, 

semivolatiles, and pesticidesiPCBs). 

Inorganic data generated under a DQO Level of 4 will be validated by W arzyn 

using Laboratory Data Validation Functional Guidelines for Evaluating Inorganics 

Analyses, July 1988, or most current guidelines. 

Indicator data generated under a DQO Level3 will be validated by Warzyn using 

the Data Validation SOP provided in Appendix E. 
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Grain size distribution data (DQO Level 3) will be reviewed to ensure procedures 
were followed and QC requirements were met, however, no formal data validation 
effort will be performed. 

Refer to Table 1-3 for a summary of data generating activities, intended data uses, 
and associated DQOs for the site. 

9.2.3 Data Reporting 
Analytical data generated for the site will be computerized in a format organized 
to facilitate data review and evaluation. The computerized data set will include 
the data qualifiers provided by the performing laboratory in accordance with the 
CLP SOWs, as well as qualifiers added by the data reviewer in accordance with 
·the data validation procedures noted in Section 9.2.2 of this QAPP . .. 
The laboratory-provided qualifiers will include such items as: 

• non-detects, 
• concentration below required detection limit, 
• estimated concentration due to poor QC data, and 
• concentration of chemical also found in the laboratory blank. 

The data review qualifiers will indicate whether the data are: 

• usable as a quantitative concentration, 
• usable with caution as an estimated concentration, or 
• unusable due to out-of-control QC results. 

A summary of the validated data will be incorporated into the RI report. 
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PERFORMANCE AND 
SYSTEM AUDITS 

Performance and system audits of both field and laboratory activities will be 

conducted to determine that sampling and analysis are performed in accordance 

with the procedures established in the FSP and QAPP. The audits of field and 

laboratory activities include two separate independent parts: internal and external 

audits. 

10.1 FIELD AUDITS 

10.1.1 Internal Audits 
Internal audits of field activities (sampling and measurements) will be conducted 

by the W arzyn QAO and/or RI Leader. The purpose of the field audit will be to 

evaluate and document adherence to procedures described in the QAPP and FSP. 

The audit will include review of field activities, sample documentation, 

chain-of-custody forms, field logbooks, and sampling and decontamination 

activities. Follow-up audits will be conducted to correct deficiencies, and to 

document that QA procedures are maintained throughout the investigation. 

10.1.2 External Audits 

External audits will be the responsibility of the IEP A. 

10.2 LABORATORY AUDITS 

10.2.1 Internal Audits 

The purpose of the internal laboratory audit is to evaluate and document 

adherence to analytical procedures described in this QAPP. Internal audits of the 

participating laboratories are the responsibility of the individual laboratory QAO. 

System audits will include examination of laboratory documentation on sample 

receiving, sample log-in, sample storage, chain-of-custody procedure, sample 

preparation and analysis, instrument operating records, etc., and will be performed 

annually. Performance audits consisting of blind QC samples prepared and 

submitted to the laboratory for analysis, will be performed quarterly. Results of 

these blind QC samples will be reviewed by the laboratory QAO. 
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The Illinois EPA DL/QAS may audit performing laboratories and provide 
recommendations for approval of the laboratory for the requested analyses to the 
IEP A RPM. The audit may consist of a review of analytical and chain-of-custody 
procedures, evaluation of performance samples, and may also include an on-site 
audit of each participating laboratory. 
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PREVENTATIVE MAINTENANCE 

11.1 FIELD INSTRUMENTS/EQUIPMENT 

Field equipment used for this project include: thermometers, pH meter, 

conductivity meter, gas-tech meter, electronic water level indicator, and sampling 

and filtering equipment. Specific preventative maintenance procedures to be 

followed for field equipment are those recommended by the manufacturer. 

Field instrumeq.ts will be checked and calibrated before they are transported to the 

field. These instruments will be checked and calibrated daily before use. 

Calibration checks will be performed as noted in Table 3-6 and will be recorded in 

the field logbook. 

Critical spare parts such as electrodes, batteries, and pH probes will be kept on

site to minimize instrument down time. Backup instruments and equipment will 

be available to avoid delays in the field &ehedule. 

Preventative maintenance of the gas chromatograph (GC) for screening of VOCs 

in the field will be as directed with manufacturer's specifications, instrument 

operating procedures, and the analytical method. Maintenance is carried out on a 

regular, scheduled basis, and is documented in the instrument service logbook. 

Emergency repair or scheduled manufacturer's maintenance is provided by an on

site technician or maintenance contract with the factory representative. 

Routine preventative maintenance schedules are summarized in Table 11-1. 

11.2 LABORATORY INSTRUMENTS 

Preventative maintenance procedures for laboratory instrumentation and 

equipment for TCL organics are referenced in the current CLP SOW OLM02.0. 

Preventative maintenance procedures for laboratory instrumentation and 

equipment forT AL inorganics are referenced in the current CLP SOW ILMO 1.0. 

Preventative maintenance of laboratory instruments associated with the indicator 

parameters will be as directed with manufacturer's specifications, instrument 

operating procedures, and analytical methods. Maintenance is carried out on a 

regular, scheduled basis, and is documented in the instrument service logbook for 
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each instrument. Emergency repair or scheduled manufacturer's maintenance is 
provided by an on-site technician or maintenance contract with the factory 
representatives. 

Routine preventative maintenance schedules are summarized in Table ll-1. 
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SPECIFIC ROUTINE PROCEDURES 

USED To ASSESS 

DATA PRECISION, 

ACCURACY, AND COMPLETENESS 

12.1 FffiLD MEASUREMENTS 

Field data will be assessed by the site QAO. The site QAO will review the field 

results for compliance with the established QC criteria that are specified in the 

QAPP and FSP. Accuracy of field measurements will be assessed using daily 

instrument calibration, calibration check, and blank data. Precision will be 

assessed on the basis of reproducibility by taking multiple readings of a single 

sample. Data completeness will be calculated as follows: 

Completeness = Valid Data Obtained x 100% 
Total Data Planned 

12.2 LADORA TORY DATA 

12.2.1 Precision 
Precision of laboratory analysis will be assessed by comparing the analytical 

results between MS/MSD for organic analysis, and laboratory duplicate analyses 

for inorganic and indicator analysis. The relative percent difference (RPD) will be 

calculated for each pair of duplicate analysis results as follows: 

RPD = IS - Dl x 100% 
(S + D)/2 

where, S =first sample value (original or MS value) 

D =Second sample value (duplicate or MSD value) 

12.2.2 Accuracy 
Accuracy of laboratory results will be assessed based on the established QC 

criteria that are described in Section 3 of this QAPP, using the analytical res~lts of 
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method blanks, matrix spike samples, field blanks, and bottle blanks. The percent 
recovery (%R) will be calculated as follows: 

%R= A-B X 100% 
c 

where, A = The analyte concentration determined experimentally from the 
spiked sample; 

B = The background level determined by a separate analysis of the 
unspiked sample; and 

C = The amount of the spike added. 

12.2.3 Completeness 
The data completeness of laboratory analysis results will be assessed for 
compliance with the amount of data required for decision making. Completeness 
is calculated by the following formula: 

Completeness= Valid Data Obtained x 100% 
Total Data Planned 

12.2.4 Sensitivity 
The achievement of method detection limits depend on instrument sensitivity and 
matrix effects. It is important to monitor the instrument sensitivity to ensure the 
data quality through constant instrument performance. The instrument sensitivity 
will be monitored through the analysis of method blanks, calibration check 
samples, and laboratory control samples. 
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Corrective actions may be required for two classes of problems: analytical and 

equipment problems, and noncompliance problems. Analytical and equipment 

problems may occur during sampling and sample handling, sample preparation, 

laboratory instrumental analysis, and data review. 

For noncompliance problems, a formal corrective action program will be 

determined and implemented at the time the problem is identified. The person 

who identifies the problem is responsible for notifying the Warzyn Project 

Manager, who in turn will notify the IEPA RPM. If the problem is analytical in 

nature, information on these problems will be promptly communicated to the 

Warzyn Project Manager, who in turn will notify the RPM or IEP A QAS. 

Implementation of corrective action will be confirmed in writing through the same 

channels. 

Any noncompliance with the established quality control procedures in the QAPP 

or FSP will be identified and corrected in accordance with the QAPP. The IEPA 

RPM, or his designee will issue a nonconformance report for each 

nonconformance condition. 

Corrective actions will be implemented and documented in the field record book. 

No staff member will initiate corrective action without prior communication of 

findings through the proper channels. If corrective actions are insufficient, work 

may be stopped by stop-work order by the RPM. 

13.1 SAMPLE COLLECTION/FIELD MEASUREMENT 

Technical staff and project personnel will be responsible for reporting all 

suspected technical or QA nonconformances or suspected deficiencies of any 

activity or issued document by reporting the situation to the Warzyn RI Leader, or 

his designee. This manager, in consultation with the Warzyn Project Manager, 

will be responsible for assessing the suspected problems and making a decision 

based on the potential for the situation to impact the quality of the data. If it is 

determined that the situation warrants a reportable nonconformance requiring 

corrective action, then a nonconformance report will be initiated by the manager. 
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The manager will be responsible for ensuring that corrective action for 
nonconformances are initiated by: 

• evaluating all reported nonconformances; 
• controlling additional work on nonconforming items; 
• determining disposition or action to be taken; 
• maintaining a log of nonconformances; 
• reviewing nonconformance reports and corrective actions taken; and 
• ensuring nonconformance reports are included in the final site 

documentation in the project files. 

If appropriate, the W arzyn Project Manager will determine that, no additional 
work that is dependent on the nonconforming activity, is performed until the 
corrective actions are completed. 

Corrective action for field measurements may include: 

• Repeat the measurement to check the error; 
• Check for all proper adjustments for ambient conditions such as 

temperature; 
• Check the batterie~; 
• Re-calibration; 
• Check the calibration; , 
• Replace the instrument or measurement devices; or 
• Stop work (if necessary). 

The W arzyn RI Leader, or his designee, is responsible for all site activities. In 
this role, the W arzyn RI Leader, at times is required to adjust the site programs to 
accommodate the site-specific needs. When it becomes necessary to modify a 
program, the W arzyn RI Leader notifies the W arzyn Project Manager of the 
anticipated change and implements the necessary changes after obtaining the 
approval of the Project Manager. The change in the program will be documented 
and signed by the appropriate personnel. 

The Warzyn RI Leader for the site RUFS is responsible for the controlling, 
tracking, and implementation of the identified changes. Reports on all changes 
will be distributed to all affected parties, including the IEPA RPM, the Warzyn 
Project Manager, and the Beloit Corporation Project Manager. 

13.2 LABORATORY ANALYSIS 

Corrective actions are required when an out-of-control event or potential out-of
control event is noted. The investigative action taken is dependent on the analysis 

-
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and the event. Laboratory personnel are alerted that corrective actions may be 

necessary if: 

• QC data are outside the warning or acceptable windows for precision and 

accuracy; 
• Blanks contain target analytes above acceptable levels; 

• Undesirable trends are detected in spike recoveries or RPD between 

duplicates; 
• There are unusual changes in detection limits; 

• Deficiencies are detected by the QA Department during internal or 

external audits , or from the results of performance evaluation samples; or 

• Inquiries concerning data quality are received. 

Corrective action procedures are often handled at the bench level, by the analyst 

who reviews the sample preparation procedure for possible errors and checks the 

instrument calibration, spike and calibration mixes, instrument sensitivity, etc .. If 

the problem persists, or cannot be identified, the matter is referred to the 

laboratory supervisor, manager, or QAO for further investigation. Once resolved, 

full documentation of the corrective action procedure is filed with the QA 

Department. 
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QUALITY ASSURANCE REPORTS 

To MANAGEMENT 

Reports will be submitted to the IEPA as described in the Work Plan. Reports 

will consist of monthly progress reports, technical memoranda, and the draft RI 

report. 

Monthly progress reports submitted to the IEP A will include: 

• a summary of the validated sampling and testing results, 

• a description of activities completed during the past month, as well as 

actions which are scheduled for the next month, 

• a summary of target and actual completion dates for each activity, 

• changes in key personnel, 

• problems encountered and how they were resolved, and 

• anticipated problems and recommended solutions. 

The results of specific RI activities such as the Risk Assessment, and Site 

Characterization will be submitted to the IEPA in the form of Draft Technical 

Memoranda. Technical Memoranda will include the following: 

• Source Characterization Results, 

• Contaminant and Migration Pathways Characterization Results, and 

• Baseline Risk Assessment 

A draft RI Report summarizing the RI activities will be submitted to the IEP A. 

The report will characterize the site and summarize the data collected and 

conclusions. The RI report will not be considered final until site characterization 

activities are complete for the supporting remedial alternatives screening activities 

and a letter of approval is issued by the IEP A RPM. 

1 AH/vlr/JDD 
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TABLE 1·1 

Sample Type and Estimated Sample Numben 

Sample1 No. of Field Field3 

Mattix Lab2 ~ Duplicates Blanks 

. SOURCE CHARAcrERIZA TION 

Soil Gas Survey Field 100 10 1/day 

Surfaoe & Shallow Compu<llem 36 4 

Soils Warzynll 36 4 

Soil Borings Warzyn I 20 

Groundwater Saeen Field 55 6 1/day 

Groundwater Compu<llem 31 4 4 

(per round) Warzynl 31 4 4 

Warzynll 31 4 4 

Notes: 

1. Samples will be coasidered low c:oncentration. and will be packaged and shipped accordingly. 

2. Compu<llem 
3308 Chapel Hill/Nelson Higllway 

Research Triangle Park. NC 27709 

Warzyn Soils Laboratory (I) 
505 Science Drive 
University Research Park 

Madison. WI 53711 

Beloit Corporadon RIIFS 

Total NO. 
MSJMso4 ~ 

. 110+ 

2 40 
2 40 

20 

61+ 

2 39 

2 39 

2 39 

Test5,6 

Parameters 

Field GC Volatiles 

TO.. Organics 

TAL lnorganics 

Grain Size Analysis 

Field GC Volatiles 

TO.. Organics 

TAL lnorganics 

lndicatocs 

w arzyn Analytical Laboratory (II) 
One Science Court 
University Research Park 

Madison. WI 53711 

3. A ttip blank for VOC analysis will be included with each cooler shipped for aqueous groundwatet" samples. Trip blanks are not included in the total number of samples. 

Field 

~ 

pH, Conductivity 

Temperature 

4. EXTRA VOLUME REQUIREMENT: Extra volume is required for the MSIMSD quality control requirement (ttiple volume for VOCs, double volume for SVOCs and PestiPCBs. Inorganics and 

general water quality indicator parameters require duplicate and spike analyses, however, do not require additional sample volume to meet the specified QC. MSIMSD samples are not included in the 

total number of samples. 

5. Refer to Tables 3-1 and 3-2 for theTa.. organic and TAL inorganic parameter lists and required detection limits. 

6. Groundwater samples for metals analysis will be field filtered through a 0.~5 micron filter prior to the addition of preservatives. 

JAH/lanJIJDD/BLH 
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TABLEl·l 

Sample Quantldes, Cootalnen, Prese"atlves and Packaging Requirements 

Beloit Corporadon FaclUty RVFS 

Techuical 
Nm-mal Packaging (1) 

Analysis Bottles and Jars Preservation Holdins Time(2) Volume of S~es Shipping 

Low Concentration ~O!JaniCS! 

Groundwater 
Volatiles Four 40-rnL volatile 1:1 HO.. (2 drops/ 14daysfrom Fill completely Shipped daily Vermiculite 

organic analysis vial), iced to sampling date noheadspace by overnight 

(VOA)vial. 4°C. carrier 

Serui· volatiles Two 1-Liter amber lcedto40C Extract 7 days FdlboUleto Shipped daily Vermiculite 

glass bottles from sampling, DCCk by overnight 

analysis within carrier 

40 days after 
extraction 

Pesticides/PCBs Two 1-Liter amber lcedto40C Extract 7 days Fdl bottle to Shipped daily vermiculite 

glass bottles from sampling, DCCk by overuight 

analysis within carrier 

40 days after 
extraction 

Low Coocentradon ~lnoraanlcs) 

Groundwater 
Metals One 1-liter high Fieldfdter 180 days from Fill to shoulder Shipped daily Vermiculite 

density polyethylene through 0.4S um sampling (26 days of bottle by overuight 

bottle filter. HN~to from sampling carrier 

pH<2. Iced to 4°C for mercury) 

Cyanide One 1-liter high Add NaOH to pH>12. 12daysfrom Fill to shoulder Shipped daily Vermiculite 

density polyethylene lcedto4°C sampling of bottle by overuight 

bottle carrier 

Water QuaHty Indicator Parameters 

Groundwater 
Nitrate+Nitrite-N, Ammonia One 1-literhigh Field filter 28days Fill to shoulder Shipped daily Vermiculite 

density polyethylene through 0.4S urn of bottle by overuight 

bottle filter. H2so4 to carrier 

pH<2. Iced to 
4°C. 

Total-Phenolics One 1-liter amber H2SO4 to pH<2. 28 days Fill to shoulder Shipped daily Vermiculite 

glass bottle Icedto4°C. of bottle by overnight 
carrier 



{ { I ( { { ( "fABt~ ~-~ 
(Continued) 
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Technical Nocmal Packaging (1) 
Analysis Bottles and Jars Preservation Ho1dins1ime(2) Volume of Samples Shippins 

Alkalinity, Chloride, md One 1-Iiterhigh Field filter 28 days (14 days F111 to shoulder Shipped d&ily Vermiculite 

Sulfate density polyethylene through 0.45 um &lk&linity) of bottle by overnight 

bottle filter. Iced to carrier 

4"C 

TDS One500.mL Field filter 7days Fill to shoulder Shipped daily vermiculite 

polyethylene bottle through 0.45 um of bottle by overnight 

filter. Iced to carrier 

4°C 

Low or Med Cooceotradoo ~Ommlcs) 

Soil and Sediment S!!!J!les 
Semi-volatiles One 8-oz wide mouth lcedto4°C Extract 7 days F1113/4full Shipped d&ily Vermiculite 

glusjar from sunplillg, by overnight (Med in e&nSI 

&Diliysis within carrier vermiwlite) 

40 days after 
extr&ction 

Pesticides/PCBs One 8-oz wide mouth lcedto40C Extract 7 days Fill3/4 full Shipped d&ily vermiculite 

gl&ssjar from sunpling, by overnight (Med in cans/ 

&Diliysis within carrier vermiwlite) 

40 days after 
extraction 

Volatiles Two 4-oz wide moulh lcedto4°C 14daysfrom Fill completely Shipped daily Vermiculite 

gl&SS jars SlllllPling date noheadspace by overnight (Medin cans/ 

carrier vermiwlite) 

Low or Med Coocentradon ~Ino!J!!!!cs} 

Soil and Sediment S!!!J!les 
Met&ls md Cyanide One 8-oz wide mouth Icedto4°C 180 days from Fill3/4 full Shipped daily Vermiculite 

gl&SS jar sunplillg (28 days by overnight (Medin cans/ 

fro~slllllPlills carrier vermiwlite) 

for mercury and 
14daysfrom 
sunpling for 
cyanide) 



Analysis 

Physical Analysis 

Soil Samples 
Grain size analysis 

Notes: 

Bottles and Jars 

Two 8-oz wide mouth 
glass jars 

Preservation 

NONE 

I. The packing material should completely auhion the sample bottles - boutom, sides and top. 
2. Technical bold times begin on the dale sampled, and supenede contractual SOW hold times. 

JAHikmliJDDIBLH 
[mad-403-008a) 
1526800.137 

{ I 
TABLEl·l 
(Continued) 

Technical 
Holding Time(2) 

Not established 

Page3 

Volume of Samples Shipping Normal Packaging (1) 

F.all3/4full Ship by carrier vermiculite 
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TABLE 1·3 

Summary of Data Generatlnc Ac:th'ldes and Associated QuaUty Objectives 
Beloit Corporation Faclllty RIIFS 

Anticipated No. of 
Data Quality Investigative 

Activity Description Intended~ ~ Objective Samples 

SOURCE CHARACI'ERIZA TION 

Soil Gas Survey Collect soil gas from Identify potential source Field GC Volatiles Level II data 100 

shallow soil probes and areas within the site 
analyze f~ VOCs. boundaries. 

Surface Soils Collect and analyze 12 Owacterize the nature TCL Organics Level IV Data 12 

surface samples including of the surface soil TAL Inorganics Level IV Data 12 

1 bacqround location for contamination. 
TCL and TAL pariUIIdtn. 

Shallow Soil Bmngs Collect and analyze Claracterize the nature TCL Organics Level IV Data 24 

2 samples each from 12 of the subsurface soil TAL Inorganics Level IV Data 24 

shallow soil borings contamination. 
including 1 background 
location for TCL and 
TAL parameters. 

Deep Soil Borings Drill 2 intermediate and Soil borings will be used to Field GC VOCs Level II Data 57 

5 deep borings. Collect characterize site geology, and 
and analyze groundwater screen groundwater for VOCs 
at 10 ft intervals for with changes in dep.h. 
VOCs. 

MIGRATION PATHWAY ASSESSMENT 

Hydrogeologic Investigation 22 soil borings will be Describe geologic strata to Grain Size Analysis Level III 22 

drilled, with soils to be determine groundwater flow 
collected and analyzed at directioo and rate through 
selected depths. soil boring logs, water level 
Install monitoring wells and hydraulic conductivity 
at 8 locations. data, physical data, etc. 

CONTAMINANT CHARACI'ERIZATION 

Groundwater Sampling Sample and analyze 31 Characterize and TCL Organics Level IV 31 

monitoring wells in 2 evaluate the contamination on TAL Inorganics (1) Level IV 31 

Rounds f~ TCL, TAL and site. lndicat~s (2) Level Ill 31 

indicator parameters. 



NOTES: 

('l'AIJLE 1-~. 
(continued) 

1. Groundwater samples to be filtered for dissolved T AI.. Inorganic analysis and indicator parameters. 

2. Indicator parameters consist of: chloride, sulfate, alkalinity, nitrate and nitrite-nitrogen, ammonia-nitrogen, total-(Denolics, and IDS. 
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TABLE3-1 

Target Compound List 
and Contract Required Quantitation Limits • Organics 

Quantitation Limits* 

Water Low Soil Medium Soil 
Compound ll!gffi (ug!kg) (uglkg) 

Volatiles 
1. Chloromethane 10 10 1200 
2. Bromomethane 10 10 1200 
3. Vinyl chloride 10 10 1200 
4. Chloroethane 10 10 1200 
5. Methylene chloride 10 10 1200 

6. Acetone 10 10 1200 
7. Carbon disulfide 10 10 1200 
8. 1, 1-Dichloroethene 10 10 1200 
9. 1, 1-Dichloroethane 10 10 1200 
10. 1 ,2-Dichloroethene (total) 10 10 1200 

11. Chloroform 10 10 1200 
12. 1 ,2-Dichloroethane 10 10 1200 
13. 2-Butanone 10 10 1200 
14. 1,1, 1-Trichloroethane 10 10 1200 
15. Carbon tetrachloride 10 10 1200 

16. Bromodichloromethane 10 10 1200 
17. 1 ,2-Dichloropropane 10 10 1200 
18. cis-1 ,3-Dichloropropene 10 10 1200 
19. Trichloroethene 10 10 1200 
20. Dibromochloromethane 10 10 1200 

....._. 21. 1,1 ,2-Trichloroethane 10 10 1200 
22. Benzene 10 10 1200 
23. trans-1 ,3-Dichloropropene 10 10 1200 
24. Bromoform 10 10 1200 
25. 4-Methyl-2-pentanone 10 10 1200 



26. 
27. 
28. 
29. 
30. 

31. 
32. 
33. 

34. 
35. 
36. 
37. 
38. 

39. 
40. 
41. 
42. 
43. 

44. 
45. 
46. 
47. 
48. 

49. 
50. 
51. 
52. 
53. 

54. 
55. 
56. 

TABLE3-1 
(CONTINUED) 

Ouantitation Limits* 

Water 

Compound .{yg{Q 

2-Hexanone 10 

Tetrachloroethene 10 

Toluene 10 

1,1 ,2,2-Tetrachloroethane 10 

Chlorobenzene 10 

Ethylbenzene 10 

Styrene 10 
Xylenes (total) 10 

Semi-volatiles 
Phenol 10 
bis(2-Chloroethyl) ether 10 
2-Chlorophenol 10 
1 ,3-Dichlorobenzene 10 
1,4-Dichlorobenzene 10 

1,2-Dichlorobeznene 10 
2-Methylphenol 10 
2,2' -oxybis-( 1-Chloropropane) 10 
4-Methy1phenol 10 
n-Nitroso-di-n-dipropylamine 10 

Hexachloroethane 10 
Nitrobenzene 10 
Isophorone 10 
2-Nitrophenol 10 
2,4-Dimethylphenol 10 

bis(2-Chloroethoxy) methane H) 

2,4-Dichlorophenol 10 
1 ,2,4-Trichlorobenzene 10 
Naphthalene 10 
4-Chloroaniline 10 

Hexachlorobutadiene 10 
4-Chloro-3-methylphenol 10 
2-Me thy !naphthalene 10 

Low Soil 
(ug/kg) 

10 
10 
10 
10 
10 

10 
10 
10 

330 
330 
330 
330 
330 

330 
330 
330 
330 
330 

330 
330 
330 
330 
330 

330 
330 
330 
330 
330 

330 
330 
330 

Page 2 

Medium Soil 
(ug/kg) 

1200 
1200 
1200 
1200 
1200 

1200 
1200 
1200 

10000 
10000 
10000 
10000 
10000 

10000 
10000 
10000 
10000 
10000 

10000 
10000 
10000 
10000 
10000 

10000 
10000 
10000 
10000 
10000 

10000 
10000 
10000 
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Quantitation Limits* 

Water Low Soil Medium Soil 

Compound .(yg[!J (uglkg) (ug/kg) 

57. Hexachlorocyclopentadiene 10 330 10000 

58. 2,4,6-Trichloropheno1 10 330 10000 

59. 2,4,5-Trichlorophenol 25 800 25000 

60. 2-Chloronaphthalene 10 330 10000 

61. 2-Nitro aniline 25 800 25000 

62. Dimethylphthalate 10 330 10000 

63. Ac~naphthylene 10 330 10000 

64. 2,6-Dinitrotoluene 10 330 10000 

65. 3-Nitroaniline 25 800 25000 

66. Acenaphthene 10 330 10000 

67. 2,4-Dinitrophenol 25 800 25000 

68. 4-Nitrophenol 25 800 25000 

69. Dibenzofuran 10 330 10000 

70. 2,4-Dinitrotoluene 10 330 10000 

71. Diethylphthalate 10 330 10000 

72. 4-Chlorophenyl-phenyl ether 10 330 10000 

73. Auorene 10 330 10000 

74. 4-Nitro aniline 25 800 25000 

75. 4,6-Dinitro-2-methylphenol 25 800 25000 

76. n-Nitrosodiphenylamine 10 330 10000 

77. 4-Bromophenyl-phenyl ether 10 330 10000 

78. Hexachlorobenzene 10 330 10000 

79. Pentachlorophenol 25 800 25000 

80. Phenanthrene 10 330 10000 

81. Anthracene 10 330 10000 

82. Carbazole 10 330 10000 

83. Di-n-butylphthalate 10 330 10000 

84. Fluoranthene 10 330 10000 

85. Pyrene 10 330 10000 

86. B utylbenzylphthalate 10 330 10000 

87. 3,3' -Dichlorobenzidine 10 330 10000 

88. Benzo(a)anthracene 10 330 10000 



---···----·- -

TABLE3-1 
(CONTINUED) 

Page4 

Ouantitation Limits * 

Water Low Soil Medium Soil 

Compound .{ygl!J (uglkg) (ug/kg) 

89. Chrysene 10 330 10000 

90. bis(2-Ethy lhexyl)phthalate 10 330 10000 

91. Di-n-ocylphthalate 10 330 10000 

92. Benzo(b )fluoranthene 10 330 10000 

93. Benzo(k)fluoranthene 10 330 10000 

94. Benzo(a)pyrene 10 330 10000 

95. Indeno( 1 ,2,3-cd)pyrene 10 330 10000 

96. Dibenzo(a,h)anthracene 10 330 10000 

97. Benzo(g,h,i)perylene 10 330 10000 

Pestiddes/PCBs 
98. alpha-BHC 0.05 1.7 1.7 

99. beta-BHC 0.05 1.7 1.7 

100. delta-BHC 0.05 1.7 1.7 

101. gamma-BHC (Lindane) 0.05 1.7 1.7 

102. Heptachlor 0.05 1.7 1.7 

103. Aldrin 0.05 1.7 1.7 

104. Heptachlor epoxide 0.05 1.7 1.7 

105. Endosulfan I 0.05 1.7 1.7 

106. Dieldrin 0.10 3.3 3.3 

107. 4,4'-DDE 0.10 3.3 3.3 

108. Endrin 0.10 3.3 3.3 

109. Endosulfan II 0.10 3.3 3.3 

110. 4,4'-DDD 0.10 3.3 3.3 

111. Endosulfan sulfate 0.10 3.3 3.3 

112. 4,4' -DDT 0.10 3.3 3.3 

113. Methoxychlor 0.50 17 17 

114. Endrin ketone 0.10 3.3 3.3 

115. Endrin aldehyde 0.10 3.3 3.3 

116. alpha-Chlordane 0.05 1.7 1.7 

117. gamma-Chlordane 0.05 1.7 1.7 

118. Toxaphene 5.0 170 170· 

119. Aroclor-1016 1.0 33 33 

120. Aroclor-1221 2.0 67 67 



TABLE3-l 
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Quantitation Limits * 

Water Low Soil Medium Soil 

Compound ~ (uglkg) (ug/kg) 

121. Aroclor-1232 1.0 33 33 

122. Aroclor-1242 1.0 33 33 

123. Aroclor-1248 1.0 33 33 

124. Aroclor-1254 1.0 33 33 

125. Aroclor-1260 1.0 33 33 

* Quantitation limits listed for soiVsediment are based on wet weight. The 

quantitation limits calculated by the laboratory for soiVsediment, calculated 

on a dry weight basis as required by the method, will be higher. 
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Analyte 

1. Aluminum 
2. Antimony 
3. Arsenic 
4. Barium 
5. Beryllium 

6. Cadmium 
7. Calcium 
8. Chromium 
9. Cobalt 
10. Copper 

11. Iron 
12. Lead 
13. Magnesium 
14. Manganese 
15. Mercury 

16. Nickel 
17. Potassium 
18. Selenium 
19. Silver 
20. Sodium 

21. Thallium 
22. Vanadium 
23. Zinc 
24. Cyanide 

TABLE3·2 

Target Analyte List and 
Contract Required Detection Limits • Inorganics 

Conttact Required 1•2 

Detection Limit 
(ug/L) 

200 
60 
10 

200 
5 

5 
5000 

10 
50 
25 

100 
3 

5000 
15 
0.2 

40 
5000 

5 
10 

5000 

10 
50 
20 
10 

1. Subject to the restrictions specified in the first page of Part G, Section IV of Exhibit D 
(Alternate Methods - Catasttophic Failure) any analytical method specified in SOW Exhibit D 
may be utilized as long as the documented instrument or method detection limits meet the 
Contract Required Detection Limit (CRDL) requirements. Higher detection limits may only 
be used in the following circumstance: 

If the sample concentration exceeds five times the detection limit of the instrument or method 
in use, the values may be reported even though the instrument or method detection limit may 
no equal the CRDL. This is illustrated in the example below: 



For lead: 
Method in use = ICP 

TABLEJ-2 
(Continued) 

Instrument Detection Limit (IDL) = 40 

Sample concentration= 200 
CRDL=3 

Page2 

The value of 200 may be reported even though the instrument detection limit is greater than the 

CRDL. The instrument or method detection limit must be documented as described in Exhibit 

E. 

2. The CRDL are the instrument detection limits obtained in pure water that must be met using 

the procedure in EX'Ilibit E. The detection limits for samples may be considerably higher 

depending on the sample matrix. Soil/sediment detection limits are approximately 200 times 

the CRDLs noted for water, and may vary as the soil/sediment results are reported on a dry 

weight basis. Soil/sediment results are reported in mglkg. 
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TABLE3-3 

Indicators, Field Measurements, and Physical Characteristics 

Parameter Lists and Required Detection Limits 

Indicator Parameter 

Alkalinity 
Chloride 
Sulfate 
Total Dissolved Solids 
Nitrate+Nitrite Nitrogen 
Ammonia Nitrogen 
Total Phenolics 

Field Measurement 
Parameter 

Required Detection 
Limit (mg/L) 

10 
2 

10 
20 

0.02 
0.10 
0.005 

Required Detection 
Limit 

pH (s.u.) sensitivity of 0.05 

Conductivity @25 Deg. C (umhos/cm) 10 

Temperature (Deg. C) to nearest 0.5 degree 

Physical Characteristic 
Parameter 

Grain size distribution 

NA =Not applicable to method. 
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Required Detection 
Limit 

NA 



TABLE3-4 

Field GC VOC Target Analyte List Detection Limits 

Detection Groundwater Soil Gas 
Limit Reportable Reportable 

Detection Detection 
ngon Limit Limit 

Compound column .(yg[!J (ug/L-Vol) 

Benzene 10 2.0 5.0 

1, 1-Dichloroethane 10 2.0 5.0 

1 ,2-Dichloroethane 10 5.0 5.0 

1,1-Dichloroethene 5 1.0 5.0 

cis-1 ,2-Dichloroethene 5 1.0 5.0 
trans-1 ,2-Dichloroethene 5 1.0 5.0 
Ethy1benzene 10 2.0 5.0 

Tetrachloroethene 5 1.0 5.0 

Toluene 5 1.0 5.0 
1,1,1-Trichloroethane 5 1.0 5.0 
Trichloroethene 5 1.0 5.0 
Xylenes 15 3.0 5.0 

JAHJkml/JDDIBUl 
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TABLE3-5 

Summary of Physical Characteristics Method References 

Grain Size Analysis 

JAHJkmliJDDIBUI 
(mad-40'3-00Sg] 
IS26800.137 

Method Reference 

ASTMD422 



TABLE3-6 

Summary ol Quality Control Requirements 
Beloit Corpondon Facility RIIFS 

PARAMETER AUDIT FREQUENCY! LIMITS1 

TCLOrpnics Requiremeots per OLMOl.O (or most current) 

TAL Inorpnlcs Requiremeots per ILM02.0 (<r mart current) 

.FieldGCVOCs 
Method Blanlt daily < Detection Limit (DL) 

<lleck Standard Afkr every 10 samples 70 • 130% Recovery 
and at the end of the run. 

Duplicate 1 per 10 samples 25% RPD (:!: 2xDL if 
sample concentration 
is <5 xDL) 

Alkalinity, Cblorlde, 
Sulfate, Nitrate + Nitrite 
Nitrogen 

Lab Blank After c:alibntion, every < Detection Limit (DL) 
10 samples, and at the 
end of the run. 

<l1eck Standard After calibration, every 90- 110% Recovery 
10 samples, and at the 
end of the run. 

EPA QC Reference 1 per set 80 • 120 % Recovery 
Standard 

Lab Duplicate 1 per 10 samples 10% RPD (:!: 2xDL if - sample concentration 
is <5 xDL) 

Mattix Spilce 1 per 10 samples 85 • 115 % Recovery 

Total Dissolnd Solids 
Lab Blank 1 per set <DL 

EPA QC Reference 1 per set 80 • 120% Recovery 
Standard 

-· Lab Duplicate 1 per 10 samples 10% RPD (:!: 2xDL if 
sample concentration 
is <5 xDL) 

Ammonia Nltropu, 
Total Phenolics Lab Blank After calibration, every <DL 

10 samples, and at the 
end of the run. 

<lleclt Standard After calibration, every 90 • 110 % Recovery 
10 samples, and at the 
end of the run. 

Preparation Blank 1 per set <DL 



TABLE3-6 
(continued) 

PARAMETER ~ FREQUENCY1 

EPA QC Reference 1 per set 
Standard 

Lab Duplicate 

MauixSpi.lce 

Grain Size Distribution 
Lab Duplicate 

pH(F1eld) 
Cleek Standard 

Duplicate 

Speclllc Coodoctance (Field) 
Cleek Standard 

Duplicate 

Frequencies apply to eacb individual malrix. 

2 Refer to Appendix B for required detection limits for each analyte. 

IAHJianliJDDIBlll 
[mad-403-008h] 
1526800.137 

1 per 10 samples 

1 per 10 samples 

1 per 10 samples 

1 per 10 samples 

1 per 10 samples 

1 per 10 samples 

1 per 10 samples 

LIMITS2 

80 - 120 % Recovery 

20% RPD (! 2xDL if 
sample concentration 
is <5 xDL) 

85 - 115 % Recovery 

10% RPD or <2% by 
weight 

:t 0.05 pH unit of 
buffer selection 

:t 0.2 pH unit 

:t 5% of standard 

15% RPD (! 2xDL if 
sample concentration 
is<5 xDL) 



TABLE7-1 

Summary of Analytical Methods 
Beloit Corporation Facility RifFS 

Parameter soP1 Method2 

TCL Volatiles SOWOLM02.0 CLP Protocol 

TCL Semi-volatiles SOWOLM02.0 · CLP Protocol 

TCL Pesticides/PCBs SOWOLM02.0 CLP Protocol 

TAL Inorganics SOWILM02.0 CLP Protocol 

Alkalinity LAAC/ ALKAAC EPA 310.2 

Total dissolved solids TDSC3 EPA 160.1 

Chloride CLAAC2 EPA 325.2 

Sulfate S04AAC3 EPA 375.2 

Ammonia nitrogen NH3DTC EPA 350.2 

Nitrite + nitrate nitrogen N02+N03 AAC2 EPA 353.2 

Total Phenolics PHENDISC2 EPA 420.1 
PHENAAC1 

Field Measurements 

Field GC VOCs BC-FGC sw -846 8010/8020 

pH pHI EPA 150.1 

Specific conductance CONDYSIF EPA 120.1 

(I) SOP refers to either the EPA SOW, or the W arzyn laboratory document number. 

(2) Method refers to the published analytical reference. 

JAH/vlr/JDD/BLH (mad-403-00Si] 
1526800.137 
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TABLEll·l 
(coodnued) 

lnstnuneot Mainteoance Proc:eduresiSdtedule Spare Parts In Stock 

B. As Needed 

1. Replace or cleaa nebulizer tips. 
2. Disassemble torch, clean, and replace 

o-rings. 
3. Perform wavelength calibration. 

Cold Vapor Atomic Ah1orption 1. Cleallfmspect quartz cell daily. I. Pump tubing 
Spedrometer 2. Claoge pump tubing daily. 2. Quartz cell 

3. DI water rinse 10.1S minutt8 at end 3. Sampler probe 
of ron. 

4. Cleek gas pre.uure daily. 
s. Empty drain vessel daily. 

Lachat Autoaoalyzer 1. Rinse manifold with degassed Milli-Q l.Pumptubes 
water before analysis. 2. Quartz cell 

2. Rinse manifold with recommended cleaning 3. Light bulbs 
solution and degassed Milli-Q water after 
analysis. 

3. lupeet pump tubings before analysis; 
replace if discolored or distorted. 

4. Backup data files from computer onto a 
floppy disk every week. 

s. Add water to heating block when necessary. 
6. Clean work area daily. 

Spectrophotometer 1. Monitor and document absorbance for I. Light source bulbs 
each analysis. 

2. Rinse with DI water before and after 
analysis. 

Ovens I. Clean every month. I. Thermometer 
2. Monitor and document temperature daily. 

pH Meter 1. Daily cab"bration. 1. Filling solution 
2. Daily inspection eX filliog solution; 2. pHbuffen 

add or replace when necessary. 

Thermo me ten 1. Bi&DIIII&I calibration with an ASTM certified 
thermometer. 

Balances 1. Daily calibration with ASTM weights (S class). 
2. Yearly calibration by an ASTM certified 

technician. 
3. Daily cleaning. 

Warzyn FleJd lnstrameotatlon: 

Gas Chromatograph 1. Change septa as needed. 1. Septa 
-Field GC VOCs 2. Column mainteoaoce as needed. 2. GCcolwnos 

3. Clean injection port liner as needed. 3. Syringes 

pH Meter 1. Daily calibration. I. pHbuffen 
2. Replace electrodes as needed. 2. Batteries 
3. Spue electtodes 

,-. 
Cooductivity Meter 1. Duly calibration. 1. Batteries 

2. <lleck redline and replace batteries 
if does not calibrate. 

1AHikml/CAW [mad-403-008j) 1526800.137 
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1 

OBJECTIVES 

The primary objective of the activities described in the Field Sampling Plan (FSP) 

is to obtain representative data for use during the Remedial 

Investigation/Feasibility Study (RifFS) analysis. Sampling activities described in 

the FSP will be performed during the site investigation activities of the Rl. 

Documentation procedures for sampling activities are described in the Data 

Management Plan (Work Plan, Appendix A). 

The RI will focus on the definition of potential sources of soil or groundwater 

contamination, determine the nature and extent of contamination and collect data 

for the Baseline Risk Assessment and Feasibility Study. 

The RI is designed to be implemented as an integrated investigation. Data 

collected during initial RI activities will be used to determine appropriate 

sampling activities and monitoring locations for subsequent activities of the Rl. 

During initial RI activities, potential contaminant source areas will be identified 

and chemically characterized (Source Characterization), and potential 

contaminant migration pathways will be evaluated (Migration Pathway 

Assessment). Data generated from the Source Characterization and the Migration 

Pathway Assessment may be used in conjunction with data from the Site 

Evaluation Report (SER) to evaluate the extent and magnitude of contamination 

along the potential migration pathways. The magnitude and extent of 

contamination will be determined during Contaminant Characterization, by 

sampling media of concern. 

Source Characterization data use objectives include: 

• Identify the location and extent of potential contaminant source areas; and 

• Characterize the chemical and physical aspects of potential contaminant 

source areas and contaminant source materials. 

Migration Pathway Assessment data use objectives include: 

• Identify the most likely pathways for contaminant migration; 

• Characterize the hydrogeologic and hydrologic setting of the site; and 

Appendix A-Field Sampling Plan June 1992 Beloit Corporation-Rockton Facility 
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• Describe the characteristics of soils and sediments in the site area. 

Contaminant Characterization data use objectives include: 

• Describe the magnitude of groundwater, surface soil, and subsurface soil 
contamination; and 

• Evaluate the extent of contaminant migration along potential migration 
pathways at the site. 

TJK/JEM!vlr/KJD/KJQ 
[mad-603-15b) 
1526800.184 
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2 

SCOPE OF 
SAMPLING ACTIVITIES 

The FSP describes the procedures and practices for use in performing site 

investigation activities during the RIIFS. These procedures include a description 

of the sample designation system, personnel and their responsibilities, and the 

sampling methods to be used during RI activities. The scope of RI activities 

discussed in the FSP include: 

• soil gas sampling; 
• shallow soil borings and soil sampling; 
• geophysical surveying (surface and downhole); 

• site mapping; 
• evaluation of existing wells; 
• deep and intermediate groundwater quality borings and groundwater 

sampling; 
• monitoring well installation/replacement and soil sampling; 

• existing monitoring well and standpipe abandonment; 

• hydraulic conductivity testing; 
• water level measurements; 
• surface water and sediment investigation; 
• surface soil assessment; 
• air assessment; 
• ecological assessment; and 
• groundwater sampling and chemical analysis. 

[mad-603-15d) 
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3 

SAMPLING LOCATIONS AND 

NUMBERS OF SAMPLES 

3.1 SOURCE CHARACTERIZATION 

Source characterization will include soil gas sampling, shallow soil borings and 
soil sampling, and a electromagnetic (EM)/magnetometer surface geophysical 
survey. 

3.1.1 Soil Gas Survey 
A soil gas survey will be performed in known suspected contaminant source areas 
as well as areas where potential sources may exist The objective of this survey is 
to locate potential sources of volatile organic compounds (VOCs). Previous 
investigations have indicated that several potential source areas may exist. 
However, other identified source areas may exist in the site vicinity. Drawing 
15268-6 shows the proposed locations for the soil gas survey. Approximately 100 
samples, ten field duplicate samples, and one field blank per day will be collected. 
Each sample will be analyzed by an in-field, portable gas chromatograph (GC) for 
target VOCs (Method EPA 8010/8020). 

3.1.2 Shallow Soil Borings and Soil Sampling 
Twelve shallow soil borings (SB8 through SB 19) will be performed to identify 
the presence of VOCs in potential source areas. The borings will be drilled to a 
minimum depth of the water table (anticipated depth 25 to 35 ft). The proposed 
soil boring locations (refer to Drawing 15268-7) have been selected based on 
information gathered during the preparation of the SER. Modifications or 
additional soil boring locations may be established, pending the results of the soil 
gas and surface geophysical survey (see Section 5 of the Work Plan for 
coordination between W arzyn and IEPA). Soil samples will be collected at 2.0 ft 
intervals using a 3-in. split spoon sampler. The 3 in. sampler is primarily needed 
for aquiring enough sample volume to accommodate splitting samples with the 
IEPA. However, in some instances, a 2 in. split spoon sampler may be necessary 
for soil composition evaluation. Field decisions will be required to determine 
which sampler is most approprite for each boring. A soil boring log describing 
the materials encountered, visual evidence of contamination, and PID screening 
results will be recorded by the field geologist/engineer. Soil samples 
representative of each unique lithology will be retained in 8-oz soil sample jars. 
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A sufficient quantity of representative soils will be collected from each split spoon 

sample to fill, at a minimum , one 8-oz. wide mouth glass jar for potential semi

volatile analysis, one 8-oz wide mouth glass jar for potential pesticide/PCB 

analysis, one 8-oz wide mouth glass jar for potential metals and cyanide analysis, 

and two 4-oz. wide mouth glass jars for potential VOCs analysis, and to partially 

fill one 8-oz. wide mouth glass jar for field headspace analysis. Vertical split 

samples will be collected from the split spoon samples by cutting the soil sample 

in half (parallel with the long axis of the split spoon sampler) and collecting 

samples, top to bottom, from each half of the split spoon device. One half of the 

split spoon sample will be used to fill the 4-oz. sample jars immediately after 

opening the split spoon. The other half will be used to log the borehole and fill 

the four 8-oz. soil sample jars one of which is to be used for field headspace 

analysis. The field headspace method is described in Section 5.2.3 of the FSP. 

Surface soil samples (6 in. depth) will be collected from each shallow boring 

location and analyzed, for a total of 12 samples. Additional surface soil samples 

will be collected from an off-site location for use as a background surface soil 

sample. Surface soils will be analyzed for U.S. EPA CLP Target Compound List 

(TCL) organics, and Target Analyte List (TAL) inorganics. 

Twenty-four sets of subsurface soil samples will be selected for U.S. EPA CLP 

analysis based on the following criteria: 

• Detectable PID (11.7 eV) or FID readings greater than background; 

• Visual evidence of soil contamination; and 

• Distinct soil stratigraphic changes (e.g., contact at aquifer/aquitard 

boundary). 

Selection of subsurface soil samples for analysis will be determined in the field 

and based on in-field screening results. During sample collection, subsurface 

soils will be visually examined and screened for VOCs with a PID/FID. 

Subsurface soil samples with obvious visual contamination and/or detectable 

PID/FID field headspace readings will be selected for U.S. EPA CLP analysis. If 

no indications of VOC contamination are observed using in-field techniques, at 

least one set of subsurface soil samples will be collected from each boring for 

U.S. EPA CLP analysis using the following three criteria: 

• At a distinct soil stratigraphic change; 
• At a depth of 10 ft for borings in areas with low soil gas readings; or 

• At a depth of 5 ft for. borings in areas with high soil gas readings. 
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A minimum of 24 sets of subsurface soil samples (an average of two samples per 
soil boring) will be analyzed for U.S. EPA CLP parameters. At least one set of 
soil samples will be collected from each boring for analysis. 

3.1.3 Electromagnetic/Magnetometer Survey 
An electromagnetic ground conductivity meter and/or a proton precession 
Magnetometer will be used to perform a magnetic survey to locate potential 
buried metallic objects such as drums and underground storage tanks. The 
surveys will be performed on and around the 1314 Watts Avenue and Soterion 
properties in the Blackhawk Acres Subdivision (refer to Drawing 15268-6). Each 
instrument will be calibrated prior to each use as described in the users manual. 
The initial survey will collect readings on a profile at 10-ft centers in the areas of 
interest. A coarser grid (20 ft centers) may be employed in areas surrounding 
these properties. During the initial survey, anomalous areas will be located on a 
field map and marked with pin flags in the field. Subsequently, a second survey 
will be performed over the anomalous areas using a tighter grid (5-ft centers). 
Quality assurance will be effected by the duplication of randomly selected survey 
measurements to examine instrument response. 

3.2 MIGRATION PATHWAY ASSESSMENT 

3.2.1 Hydrogeologic Investigation 
3.2.1.1 Site Mapping and Evaluation of Existing Monitoring Wells- A 
topographic map with a scale of 1 in. to 200 ft and a contour interval of 2 ft has 
been prepared for use in the RUFS (Drawing 15268-7). This base map will be 
used to develop other drawings and maps showing Rl data. 

An inventory and evaluation of existing monitoring wells will be performed to 
assess their condition. This will include both IEPA and Beloit Corporation wells. 
The following will be evaluated: 

• welllocation 

• integrity of protective casing (to include cap, lock, and identification) and 
the surficial seal 

• integrity of well casing and screen 

• water level 

• total well depth 

• amount of sediment in well 
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Wells will be developed, if necessary, to provide representative water level 

measurements using procedures described in the next to last paragraph of 

subsection 5.4.3.2 of the FSP. Functional PVC and stainless steel wells will be 

included in the water level measurement task and functional stainless steel wells 

will be included in groundwater quality sampling activities. Wells which are 

determined to be non-functional will be properly abandoned according to IEPA 

monitoring well abandonment procedures (IEPA 1990) presented in paragraph 

two of Section 5.4.3.2 of the FSP. 

Natural gamma ray logging will be conducted in existing functional wells for use 

in evaluating subsurface stratigraphic conditions. At locations of a well nest, only 

the deep well will be natural gamma ray logged. 

3.2.1.2 Deep and Intermediate Groundwater Quality Borings and 

Groundwater Sampling- Five deep soil borings (DB 1, DB2, DB3, DB4, and 

W22C) and two intermediate soil borings (W23B and IB 1) will be performed 

within the RIIFS boundaries. The deep borings will be drilled to a minimum 

depth of 100 ft and the intermediate borings to a minimum depth of 70 ft at the 

proposed locations shown on Drawing 15268-7. Total actual depth is to be 

determined in the field based on stratigraphy and groundwater sample screening 

results using a field GC. Drilling and groundwater sampling will be discontinued 

at a boring when one of the following situations develops: 

• When groundwater screening results indicate that VOCs are not present 

and the 100 ft (for deep borings) or 70 ft (for intermediate borings) 

minimum depth has been reached, sampled, and analyzed; 

• When groundwater screening results indicate that VOCs are present and 

the minimum depth requirement of 100ft (deep borings) or 70ft 

(intermediate borings) has been achieved, and a minimum of twD 

consecutive clean groundwater samples have been collected below the 

deepest VOC detection in that boring; or 

• For intermediate borings at potential source areas, and deep borings where 

non-aqueous phase liquids have been identified, when a confining unit 

greater than or equal to 3 ft in thickness is encountered, irrespective of 

depth. In this situation, the last groundwater screening sample will be 

collected at the top of the confining unit. 

None of these borings will be advanced into bedrock during the Phase 

investigation. 
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Dual-tube reverse circulation drilling methods (Appendix A - A2), will be used to 
advance the deep groundwater quality borings. Plugged, screened hollow-stem 
augers will be used to advance the intermediate groundwater quality borings. 
During drilling, groundwater samples will be collected every 10 ft, beginning at 
the water table. Groundwater samples will be collected through the center of the 
drill string or casing with a bailer, or submersible pump. Groundwater samples 
collected from the seven borings will be analyzed for total VOCs with an in-field 
gas chromatograph (GC). The GC data from the groundwater samples will be 
used to obtain a vertical representation of the groundwater quality beneath the 
site. 

Upon completion of the borehole, downhole geophysical logging will be 
perfonned to obtain a natural gamma ray log. The natural gamma ray log of the 
borehole will be used in conjunction with cuttings for subsurface interpretation of 
soil stratigraphy and assessment of potential subsurface preferred contaminant 
migration pathways. 

Monitoring wells will be installed in those borings where the GC results indicate 
the presence of VOCs. Screen placement will be detennined based on GC results, 
soil stratigraphy, and gamma ray response. 

One deep geotechnical boring (GB 1) will be advanced to approximately 100 ft 
using mud rotary drilling techniques. This boring will be used to ground truth the 
gamma ray logging tool and to provide a representative0 n stratigraphic sequence 
for the site. Methods are described in Section 5.4.3. 

After completion of downhole logging of the borehole, any borehole not 
completed with a well, will be abandoned in accordance with IEPAs guidance 
document- Groundwater Monitoring Network for Non-Hazardous Solid Waste 
Disposal Facilities ( 1990). These abandonment procedures are detailed in Section 
5.4.5.2 of the FSP. 

3.2.1.3 Monitoring Well Installation/Replacement and Soil Sampling
Initially, twelve new wells will be installed (nine on Beloit Corporation property), 
including six water table wells and six piezometers. One well (W24) will be 
installed hydraulically up gradient of the site adjacent to IEPA monitoring well 
G 107, to assess background groundwater quality. Existing monitoring wells W3, 
W5, W8, and W 11 will be replaced. Additional monitoring wells may be 
installed during the Phase 2 investigation. The location, number and type of wells 
to be installed will be determined from information obtained during the initial 
investigation (Phase I) activities. 
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Monitoring wells will be installed using hollow stem auger, air rotary, or rotary 

wash drilling methods. Split-spoon soil samples will be collected every 2.5 ft 

during drilling of the boreholes. Soil samples representative of local stratigraphy 

will be saved in glass sample jars. Twenty of the collected soil samples will be 

submitted for grain size analysis by ASTM D422. Grain size distribution results 

will be used to confirm and enhance the visual description of soils made by the 

site geologist during drilling. 

In addition to obtaining a stratigraphic log from split-spoon sampling, each of the 

monitoring well boreholes will be natural gamma ray logged. The natural gamma 

ray logs of the boreholes will provide a continuous record of variations in the 

natural radioactivity of the borehole and an indication of soil stratigraphy. This 

information will be used during evaluation of site geology, by indicating 

variations in clay content of the unconsolidated deposits at the site. 

New monitoring wells will be developed by alternatively surging and purging the 

wells for a minimum of 30 min. using a bailer. Mter the surge and purge cycles 

are completed, the well will be pumped until ten well volumes are removed or 

until the pH and specific conductance of water removed from the well has 

stabilized. 

Drill cuttings, drilling fluids (mud and water) and extraneous soils derived from 

split spoon sampling will be evaluated in the open atmosphere during drilling with 

an 11.7 eV PID in the field. If PID readings are equal to or exceed 5 ppm then 

these cuttings, soils and fluids, will be placed in 55 gal drums, labeled and 

retained on-site on Beloit Corporation property. If PID readings are less than 5 

ppm then these cuttings, mud and extraneous soils will be disposed of on-site on 

Beloit Corporation property. TCLP analysis will be performed on composites of 

the containerized cuttings, mud and soils (PID ~ 5 ppm) in order to determine an 

appropriate disposal option. Disposal of water used as a drilling fluid is discussed 

below. 

Development, drilling and purge waters will be separated based on the presence or 

absence of a non-aqueous phase liquid. Those development, drilling and purge 

waters containing a non-aqueous phase liquid will be considered a hazardous 

waste, drummed, stored separately and disposed of at an appropriate hazardous 

waste facility. Development, drilling and purge waters not containing a 

non-aqueous phase liquid will be disposed in the sanitary sewer along with 

decontamination water for treatment at the local POTW, assuming approval can 

be obtained from the POTW. If approval can not be obtained, these materials will 

also be drummed, stored in a secure area on Beloit Corporation property and 

disposed of at the time of the final remedy. 
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3.2.1.4 Existing Monitoring Well and Standpipe Abandonment- Four existing 

monitoring wells (W3, W5, W8, and Wll) and seven standpipes (SPl, SP3, and 

SP8 through SP12) are to be abandoned during Phase 1 of the RI. They will be 

abandoned in accordance with IEPA' s guidance document - Groundwater 

Monitoring Network for Non-Hazardous Solid Waste Disposal Facility (1990). 

These abandonment procedures are detailed in Section 5.4.3.2 of the FSP. 

3.2.1.5 Hydraulic Conductivity Tests- Hydraulic conductivity tests will be 

performed in the new wells installed during the RI. Single well baildown test 

methods will be used and data analyzed using the Bouwer and Rice (1976) 

method. Additional baildown hydraulic conductivity testing may be performed in 

existing functional monitoring wells. 

3.2.1.6 Water Level Measurements- A minimum of four rounds of water level 

measurements will be conducted during the RI. Water level measurements will be 

obtained with an electric water level indicator. One round of water levels will be 

measured following completion of the monitoring well installation. Water levels 
will be measured concurrent with groundwater sampling events. Bimonthly 

measurements will be conducted thereafter for a period of eight months, if 

necessary from the initial measurement event. The water level measuring device 

will be deconed between wells. 

3.2.2 Surface Water and Sediment Investigation 
Surface water drainage patterns will be identified and located based on field 

observations. These drainage patterns and runoff characteristics will be evaluated 

for the potential of erosional transport of contaminated surface soils off-site. It is 

anticipated that three staff gauges will be installed at the site (along the Rock 

River). Specific staff gauge locations will be determined based on field 

observations of optimum locations. Existing staff gauges at the site will be 

evaluated for integrity and monitoring use. Surface water level measurements 

will be collected concurrently with groundwater level measurements. 

3.2.3 Surface Soil Assessment 
The potential for exposure to contaminants via the surface soils pathway will be 

evaluated based on samples collected for chemical analysis from the 12 shallow 
borings (Drawing 15268-7). 

3.2.4 Air Assessment 
Wind patterns will be evaluated, based on available meteorologic information, to 

determine possible air pathway exposure scenarios. Air quality data collected 

from health and safety monitoring during site investigation activities will be used 

to assess the potential for release of contaminants into the air. Samples will not 

be collected for laboratory analysis. 
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3.2.5 Ecological Assessment 
A preliminary ecological assessment of the site and adjacent areas will be 

performed. Ecological resources will be investigated by a site walkover by a field 

ecologist to note types and approximate sizes of plant communities of the site and 

adjacent undeveloped areas. Potential of the site and surrounding areas as habitat 

for vertebrate species will be assessed. Wetland areas will be classified according 

to the U.S. Fish and Wildlife Service (U.S. F&WS) system (Cowardin, et. al., 

1979) and their sizes estimated by use of the Federal Manual for Identifying and 

Delineating Jurisdictional Wetlands (Federal Interagency Committee for Wetland 

Delineation, 1989). 

Site observation will be supplemented by information available from site and 

federal agencies concerning the following ecological resources: 

• Hydric soils (U.S. Soil Conservation Service) 

• Rock River fishery (Illinois Department of Conservation) 

• Threatened or endangered species (lllinois Department of Conservation 

and U.S. F&WS) 
• Designated area wetlands (U.S. F&WS National Wetland Inventory Map) 

A qualitative preliminary ecological assessment will be developed to evaluate 

potential contamination by site chemicals detected by RI sampling activities. 

Potential effects of these contaminants will be discussed for species likely to 

inhabit the site or areas affected by site contaminants. If a preliminary evaluation 

suggests a serious impact by the site on area natural resources, further 

investigation may be required (U.S. EPA Region V, Tasks 3-6, undated, 

unpublished memorandum). 

3.3 CONTAMINANT CHARACTERIZATION 

3.3.1 Groundwater Sampling 
Groundwater samples will be collected from the following locations during the 

Round 1 sampling event: 

• The 12 new groundwater monitoring wells installed during well 

installation activities of the RI (Refer to Drawing 15268-7); 

• The four replacement wells W3, W5, W8, and W II; 

Existing monitoring wells Wl2 through Wl8 (7 wells), and Gl03S and D, 

Gl04, Gl07, GlOSS and D, G109, and GllO (8 wells); and 

Private wells as specified in the private well'sampling document. 
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Groundwater sampling will be used to determine the chemical characteristics of 
groundwater contamination. Samples will be analyzed for the following chemical 
and physical parameters: 

• U.S. EPA CLP TCL organics; 
• U.S. EPA CLP TAL inorganics; 

· • Sulfate; 
• Chloride; 
• Alkalinity; 
• Total phenolics; 
• Nitrate-Nitrite nitrogen; 
• Ammonia nitrogen; 
• Total dissolved solids; 
• Field pH; and 
• Field specific conductance. 

Inorganic analyses will be performed on filtered samples collected during Round 
1, consistent with U.S. EPA Region V QA Directives. Round 2 samples will be 
analyzed for contaminants of concern based on the results of Round 1 sampling. 
Technical Memorandum No. 1 will describe analytical results and address data 
gaps requiring additional sampling and analysis to be performed during the Phase 
2 investigation. 

Appropriate sample containers, preservation, and packaging are described in 
Table 1-2 of the QAPP. 

3.4 QUALITY ASSURANCE SAMPLING 

Quality control samples will be collected during sampling activities associated 
with the chemical characterization of groundwater, surface soils, and subsurface 
soils. Quality control samples will consist of sample duplicates, field blanks, and 
matrix spike/matrix spike duplicate (MS/MSD) samples, as described below. 

3.4.1 Field Blanks (FB) 
For soil samples, no field blanks will be collected due to the unavailability of 
suitable blank material. For water samples, one field blank will be prepared for 
each container type and size. Field blanks will be prepared according to the 
following schedule for each sampling activity: 

• One field blank for every I 0 or fewer samples of water collected; and 

• For each sample period, a minimum of one blank for each group of 
parameters per sample matrix. 

Appendix A-Field Sampling Plan June 1992 Beloit Corporation-Rockton Facility 
Page 3-9 

-

-



The field blank samples will be prepared using deionized water stored in 

polyethylene containers. For monitoring well samples, the water will be routed 

through the sampling device before transfer to the container. Soil gas field blanks 

will be prepared by collecting a sample of ambient air after decontamination of 

the sampling system. 

3.4.2 Trip Blanks (TB) 
A trip blank for volatile organic analysis (VOA) will be included in eacla sample 

shipment containing water matrix samples for VOA. The trip blank will consist 

of two 40-ml VOA vials filled with deionized water with a Milli-Q cleanup. It 

will be prepared in the office or laboratory, transported to the field and shipped 

with the other samples to the designated laboratory without being opened. It will 

be packaged using standard procedures as for other sample bottles. 

3.4.3 Matrix Spike and Matrix Spike Duplicates (MS/MSD) 

For water samples, one sample per group of 20 or fewer samples collected for 

VOA and extractable organics analysis during each sampling activity will be 

selected for matrix spike/matrix spike duplicate (MS/MSD) analysis. For 

Base/Neutral Acids (BNAs) and Pesticides/PCBs, double the normal sample 

volume will be collected (i.e., four, 1-L bottles). For VOCs, triple the normal 

sample volume will be collected (i.e., six, 40 ml VOA vials). 

3.4.4 Sample Duplicates 
One duplicate sample will be collected for each increment of 10 or fewer samples 

collected for each matrix during each sampling period. A duplicate sample will 

consist of a sample obtained from the same sampling device as the original 

sample. 

Due to the sample volume requirements and the soil volume obtained using split

spoon sampling methods, sample duplicates for subsurface soil samples may not 

be possible. Sample duplicates for subsurface soils will only be performed if the 

split-spoon sample volume is adequate during subsurface soil sampling 

procedures. 

[mad-603-15e] 
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4 

SAMPLE DESIGNATION 

A samiJle numbering system will be used to identify each investigative and 
quality control sample. Each sample identifier will include the project identifier 
code, sample type and location code, and a sampling event code. The sampler 
will maintain a log book containing the sample identification listings. 

4.1 PROJECT IDENTIFIER CODE 

A two-letter designation will be implemented to identify the sampling site. The 
project identifier will be "BC" to signify the Beloit Corporation Rockton Facility 
site investigation. 

4.2 SAMPLE TYPE AND LOCATION CODE 

Each sample collected will be identified by a two-letter code corresponding to the 
sample type. Sample type codes to be used for the various samples collected are: 

• GD-
• GI-
• PW-
• GW-
• ss-
• su-
• FB-
• TB-

groundwater sample from deep groundwater quality boring 
groundwater sample from intermediate groundwater quality boring 
groundwater from a private residential well or municipal well 
groundwater sample from monitoring well 
split spoon or subsurface soil sample 
surface soil sample 
field blank 
trip blank 

Other letter designators may be added for sample activities of later subtasks. 

The location code will follow the sample type code. The location code consists of 
a two- to five-digit numeric or alpha-numeric code indicating the sample location. 
Field blanks and trip blanks will use a consecutive numbering system starting at 
0 1, assigned in the field. 

4.3 SAMPLING ROUND CODE/DUPLICATE CODE 

A two-digit numerical code will be used to designate additional location 
information. For soil samples, the sampling code will represent the depth of the 
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sample in feet below the ground surface. Duplicate samples will be designated by 

the sampling code preceded by a 9. 

Matrix spike and matrix spike duplicate samples are collected as additional 

sample volume at selected locations. Although identified as such on chain-of

custody records, specific sampling codes will not be provided for matrix spikes or 

matrix spike duplicates (MS/MSD) samples. 

4.4 EXAMPLES OF SAMPLE NUMBERS 

Examples of sample number codes are as follows: 

• BC-SSMW03A-25 = Beloit Corporation, split-spoon soil sample from 

monitoring well MW03A at a depth of 25 ft. 

• BC-GWMW03A-Ol =Beloit Corporation, groundwater sample from 

monitoring well MW03A, first sampling round. 

• BC-GWMW03A-91 =Beloit Corporation, duplicate groundwater sample 

from monitoring well MW03A, first sampling round. 

• BC-SUSB 10-00 = Beloit Corporation, surface soil sample from location of 

shallow soil boring number 10, sample collected at the ground surface. 

• BC-GDDBO 1-30 =Beloit Corporation, groundwater sample collected 

while drilling deep boring DB 1 at 30 ft from the ground surface. 

• BC-GIIBO 1-50 = Beloit Corporation, groundwater sample collected while 

drilling intermediate boring m 1 at 50 ft from ground surface. 

JEMffJK/vtr/KJD/KJQ 
[ mad-603-lSf] 
1526800.161 
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5 

GENERAL SAMPLING EQUIPMENT 

AND PROCEDURES 

5.1 SOIL GAS SURVEY 

5.1.1 Objective 
The objective of the soil gas survey is to locate potential sources of VOCs at the 
site and identify potential near surface contaminant sources or soil gas associated 
with contamination at depth. 

5.1.2 Personnel and Responsibilities 
A team of two indiyiduals will perform the soil gas survey. A technician will 
drive the probe into the ground and extract a sample into a glass vial. A site 
chemist will analyze the collected samples by operating the in-field gas 
chromatograph (GC). 

5.1.3 Methods 
Soil gas sample locations will be approximated in the field by using a compass to 
measure a bearing between soil gas points and measuring the distance between the 
reference points (trace). Permanent site features may be used as reference points. 
A detailed log will be maintained identifying reference points and associated 
bearing and trace. In addition, each soil gas location will be plotted on a field 
map as each location is identified in the field during sample acquisition activities. 
Additional soil gas samples may be collected at unspecified locations based on 
field observations and/or GC results. 

Soil gas samples will be collected by: 

• Driving a 1/2-in. or 5/8-in, which ever is appropriate, diameter solid rod to 
a depth of approximately 3 to 4 ft below ground surface to create a pilot 
hole. 

• The rod is replaced with an AMS Retract-a-Tip gas vapor probe. This 
probe will be driven down the pilot hole using a slam bar. 

• The screen casing is pulled back to expose the screen. 
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• The teflon vapor tube, which is exposed at the surface, is slipped over the 

sample tip of the Thermo Environmental (TE) 5808 PID. 

• The sample vessel (Tedlar bag) is connected to the exhaust (sample) port 

of the TE 5808 PID with teflon tubing. 

• Both ports on the Tedlar bag are opened. 

• The pump (TE 5808 PID) is switched on and allowed to draw in-situ soil 

gas through the system for a minimum of 2 minutes. 

• After 2 minutes the sample port on the Tedlar bag will be closed and the 

bag allowed to fill. 

• With the pump still running the input port of the Tedlar bag will be closed, 

then the pump will be switched off. 

• The Tedlar bag will be disconnected from the pump, shielded from 

sunlight and placed on ice in a cooler. 

• The pump (TE 5808 PID) will be disconnected from the AMS soil gas 

probe teflon vapor tube. 

• The screen casing will be closed (screen covered) and then the probe will 

be removed from the pilot hole. 

• Prior to the next sampling the AMS gas vapor probe will be 

decontaminated as described below, then the probe, pump and teflon 

tubing will be connected and purged with atmospheric air by running the 

pump for a minimum of 1 minute. Tedlar bags that have been used may be 

re-used if: 

- G.C. results show no detectable VOCs, and 
- The Tedlar bag has been decontaminated with high purity helium gas. 

The external surface of the gas probe and the pilot rod will be 

decontaminated by wiping both with paper towels moistened with TSP or 

liquinox cleaning solution followed by paper towels moistened with rinse 

water. 

• Move to next sample location. 
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The sample will be delivered to the in-field GC for analysis of VOCs. Resull.., of 
the soil gas analyses will be plotted in the field on the aforementioned site map. 

Used paper towels will be disposed in trash bags and placed with other 
investigative wastes. Field blanks will be collected at a frequency of one blank 
per ten samples, consistent with sampling of other media. 

5.2 SHALLOW SOIL BORINGS AND SOIL SAMPLING 

5.2.1 Objective 
The objective of this activity is to chemically characterize site surface and 
subsurface soils, characterize potential source areas, and supplement information 
obtained during the soil gas survey. 

5.2.2 Personnel and Responsibilities 
A drill crew of two individuals will perform the shallow soil borings. A geologist 
will supervise their efforts, record soil boring logs, collect soil samples, and 
function as the Site Safety Officer. 

5.2.3 Methods 
Twelve shallow soil borings will be drilled to a minimum depth of 25 to 35ft 
(water table) using 4 1/4-in. I.D. or 6 1/4-in. I.D. hollow stem augers. Soil 
samples will be collected at 2-ft intervals with a 3-in. split spoon sampler, if 
possible. If the 3-in. split spoon sampler will not retain the sample, a 2-in. split 
spoon sampler will be employed. The samples will then be visually classified in 
the field by a geologist, placed into appropriate sampling jars as specified in 
Section 3.1.2 of this Field Sampling Plan, and screened using the field headspace 
method. A log of the soil boring, identifying materials encountered, will be 
maintained by the site geologist/engineer. Soil samples will be visually classified 
in accordance with the Unified Soil Classification System (USCS). 

Twelve surface soil samples will be collected, one at each boring location. A 
background surface soil sample will be collected at the location of the background 
monitoring wells. Surface and selected subsurface soils collected during shallow 
soil borings will be analyzed for U.S. EPA CLP TCL and TAL parameters. 

As indicated in Section 3.1.2, subsurface soil samples will be selected for analysis 
based on elevated PID/FID readings, visual observations of contamination, and 
changes in soil stratigraphy. Selection of subsurface soil samples for analysis will 
be determined in the field and based on field observations at the time of sampling. 

Subsurface soil samples will be evaluated for VOCs using the field headspace 
method. An 8 oz. glass sample jar is half filled with representative soil collected 
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from a 3-in. split spoon sample. A piece of aluminum foil, sufficient in size to 

cover the opening and threads of the sample jar, is then placed over the jar 

opening. The teflon lid of the jar is then secured snuggly over the aluminum foil. 

The contents of the jar are to be heated for 30 minutes. After 30 minutes the lid is 

removed (keep the aluminum foil cover in place) and an 11.7 eV PID (Appendix 

A - A4) or FID (Appendix A - A6) probe is forced through the aluminum foil seal 

to collect a headspace sample from the jar. A decision to analyze samples from 

each location will be made after all samples at that location have been collected, 

screened, and visually described. 

A minimum of 24 sets of subsurface soil samples with at least one collected from 

each boring will be selected for U.S. EPA CLP analysis. Information regarding 

QA/QC sample numbers and frequency are contained in Table 1-1 of this QAPP. 

Appropriate sample containers, preservation and packaging information are 

described in Table 1-2 of this QAPP and Section 3.1.2 of the FSP. 

A temporary decontamination facility will be constructed on-site on Beloit 

Corporation property. Decontamination will include steam cleaning or high 

pressure hot water washing the drilling equipment and tools between boreholes, 

and detergent washing and water rinsing the split spoon samplers after each 

collected sample. Decontamination procedures are detailed in the Health and 

Safety Plan (Volume II of the Planning Documents). 

Shallow soil borings will be abandoned in accordance with IEP As Monitor Well 

Plugging and Abandonment Guidance Document (IEPA 1990) (Section 5.4.3.2 of 

the FSP). The disposition of excess borehole cuttings generated during drilling is 

discussed in Section 3.2.1.3 of the FSP. 

5.3 ELECTROMAGNETIC(EM)/MAGNETOMETER SURVEY 

5.3.1 Objective 
The objective of the EM/magnetometer survey is to determine whether buried 

metal containers or underground metal tanks exist in the area of the 1314 Watts 
A venue and the Soterion property in the Blackhawk Acres Subdivision. 

5.3.2 Personnel and Responsibilities 
A team of two individuals, including a geologist/geophysicist and an assistant will 

be responsible for performing these surveys. The geologist/geophysicist will 

operate the instrument and the assistant will help lay out grid lines, flag locations 
and record activities. 
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5.3.3 Methods 
An electromagnetic conductivity meter (see Appendix A- Al) and/or a proton 

precession magnetometer (see Appendix A- A3) will be used to perform these 

surveys. The team will set up the geophysical survey grid with 10 ft spacings 

across each area to be surveyed. The geologist/geophysicist will traverse the area 

while operating the EM or magnetometer. Areas of anomalous readings will be 

plotted in the field with pin flags and on a site map. A base location, away from 

the potentially contaminated area, will be set up as a calibration verification point 

for the geophysical instrument. The instrument will be checked at this location 

before, after, and during the investigation. Instrument readings and drift at the 

base location will be recorded. 

Intrusive activities will not be performed during these surface geophysical 

surveys, therefore decontamination and waste disposal procedures are not 

anticipated. 

5.4 HYDROGEOLOGIC INVESTIGATION 

5.4.1 Objective 
The objective of the hydrogeologic investigation is to obtain information for 

characterization of the hydrogeologic setting, determine groundwater flow 
direction, assess the potential for preferential groundwater flow, and identify the 
physical characteristics of the geologic media at the site. 

5.4.2 Personnel and Responsibilities 
Deep and intermediate groundwater quality borings, monitoring well borings, and 

a geotechnical boring will be performed and installed by a drill crew of two 

individuals. Drilling operations will be supervised by a geologist/engineer, who 

will collect groundwater and soil samples, obtain natural gamma logs, and 

function as the Site Safety Officer. Water levels will be measured by a technician. 

Hydraulic conductivity tests will be performed by a geologist or field technician. 

5.4.3 Methods 
5.4.3.1 Deep Borings and Groundwater Sampling· Five deep (DB l-DB4 and 

W22C) and two intermediate (IB 1 and W23B) groundwater quality borings, and 

one deep geotechnical boring (GB 1) will be performed at locations inside the 

RI/FS site boundaries. The primary objective of the deep and intermediate 
borings is to assess groundwater quality with depth in the aquifer. The 

groundwater analytical data will be used exclusively as screening data to identify 

target VOCs in groundwater at different zones in the aquifer. The primary 
objective of the geotechnical boring is to provide a borehole for ground-truthing 

the natural gamma ray logger and for obtaining characteristic soil descriptions for 
the site. The proposed locations for the borings are shown on Drawing 15268-7. 
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Dual-tube reverse circulation drilling methods (Appendix A - A2) and plugged, 

screened hollow stem auger drilling methods will be used to advance the deep and 

intermediate boreholes, respectively. Representative groundwater samples will be 

collected during drilling with a stainless steel bailer or submersible pump with 

inflatable packer at selected zones in the aquifer. Groundwater samples will be 

collected every 10 ft beginning at the water table. If groundwater does not 

recover, or is not expected to recover within 30 minutes due to the presence of a 

fine grained, low permeability zone, no sample will be collected from that zone. 

Groundwater samples will be collected through the center of the drill string or 

casing. A bailer, B-K pump, or submersible pump with an inflatable packer will 

be used to purge three times the standing water volume in the drill rod or auger 

before a sample is collected. If a packer is used, then three times the volume of 

the packed-off zone will be purged. Groundwater samples collected during each 

boring will be screened for VOCs with an in-field GC using the methods specified 

in the QAPP. The deep borings will be drilled to a minimum depth of 100 ft and 

the intermediate borings to a minimum depth of 70 ft at the proposed locations 

shown on Drawing 15268-7. Total actual depth is to be determined in the field 

based on stratigraphy and groundwater sample screening results. Drilling and 

groundwater sampling will be discontinued at a boring when one of the following 

situations develops: 

• When groundwater screening results indicate that VOCs are not present 

and the 100 ft (for deep borings) or 70 ft (for intermediate borings) 

minimum depth has been reached, sampled, and analyzed; 

• When groundwater screening results indicate that VOCs are present and 

the minimum depth requirement of 100 ft (deep borings) or 70 ft 

(intermediate borings) has been achieved, and a minimum of two 

consecutive clean groundwater samples have been collected below the 

deepest VOC detection in that boring; or 

• For intermediate borings at potential source areas, and deep borings where 

non-aqueous phase has been identified, when a confining unit greater than 

or equal to 3 ft in thickness is encountered, irrespective of depth. In this 

situation, the last groundwater screening sample will be collected at the top 

of the confining layer. 

GC results of groundwater samples will be used to assess the vertical extent of 

VOC contamination at each boring location, and will be used to determine 

installation depths for monitoring wells that may be installed during this pphase 

of work and placement of monitoring wells that may be installed during a Phase 2 

investigation. 
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Due to the drilling methods (dual tube and plugged hollow stem auger), split
spoon samples will not be obtained during drilling. A boring log based on 
discharged drill cuttings will be kept by the geologist/engineer supervising 
drilling activities. To supplement subsurface information, a natural gamma ray 
log will be obtained through the drill casing upon completion of the borehole. A 
Mount Sopris Model 1 000-C borehole logger (Appendix A - A5) and natural 
gamma ray logging tool will be used to obtain the downhole geophysical log. 

Geotechnical boring GB 1 will be advanced to a minimum depth of l 00 ft using a 
pure bentonite mud and rotary wash drilling methods (minimum borehole size of 
4-in.). Standard penetration test (ASTM D 1586) soil samples will be collected 
every 5 ft from 2 ft to 30 ft, every 2 ft from 30 ft to 80 ft, and every 5 ft from 80 ft 
to 100ft. Representative soils will be placed in 8 oz sample jars and retained. A 
detailed soil borehole log will be maintained by the field geologist/engineer 
supervising drilling activities. 

When the mud rotary drilling technique has reached a depth of I 00 ft, in 
geotechnical boring GB 1, and is able to maintain an open hole to this depth, the 
drill string can be removed and the borehole logged with the natural gamma ray 
logging device. The natural gamma ray detecting probe is lowered to the bottom 
of the borehole and is then advanced to the surface at a logging rate of slightly 
less than 1 ft/sec. This gamma ray trace will be the gamma ray tool ground-truth 
log for the site. 

Deep and intermediate groundwater quality boreholes, not instrumented with a 
monitoring well, and the geotechnical boring will be abandoned in accordance 
with IEPAs Monitor Well Plugging and Abandonment Guidance document 
(IEPA, 1990). Drill cuttings and fluid will be screened with a PID during drilling 
operations. The disposition of excess borehole cuttings and drilling fluids 
generated during drilling is discussed in Section 3.2.1.3 of the FSP. 

To minimize potential inadvertent contamination by drilling equipment and/or 
inter-borehole contamination, steam cleaning will be used between boring 
locations (except between borings at a well nest). The drill rig and drilling tools 
will be steamed cleaned before mobilization onto the site, and will be steam 
cleaned between each boring (except between borings at a well nest). The 
disposition of decon water is discussed in Section 6 of the FSP. 

5.4.3.2 Monitoring Well Installation/Abandonment- Twelve groundwater 
monitoring wells (eight new and four replacements) are proposed including nine 
wells at four locations on Beloit Corporation property, one well at one location 
upgradient of the site, and two wells at one location downgradient of the site. 
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Four replacement wells are proposed for existing monitoring wells W3,W5, W8, 

and Wll. Proposed locations are shown on Drawing 15268-7. 

Existing non-functional wells and standpipes will be abandoned in accordance 

with IEPA monitoring well abandonment procedures (IEPA, 1990). Surface 

casing will be removed a minimum of 12 inches below ground surface. A neat 

cement slurry (5 gal water per 94 lb bag cement) will be mixed and slowly 

pumped into the well casing through a tremie pipe. The tremie pipe will be placed 

at the bottom of the well and then slowly withdrawn as the cement slurry is 

pumped into the well casing. Pumping will continue until the cement slurry flows 

out the top of the well casing. The 12 inch deep hole will then be filled with 

natural soils. 

Water table well borings (anticipated depth: 25 to 35 ft) will be drilled using 4 

1/4-in. or 6 l/4-in. I.D. hollow stem augers. If sand blow-in through the augers 

occurs during drilling, rotary wash methods using clear water will be used to 

remove material from the interior of the augers. Split spoon soil samples will be 

collected at 2.5 ft-intervals to the bottom of the boring (only the deep boring at a 

well nest will be split spoon sampled) where feasible. If sand blow-in is severe, 

no sampling will be conducted and natural gamma ray logging will be substituted. 

Intermediate depth (anticipated depth: 60 to 70 ft) piezometer borings will be 

drilled using 4 1/4-in. I.D. or 6 1/4-in. I.D. hollow stem augers or rotary wash 

drilling methods. Split spoon soil sampling intervals (2.5 ft) will be similar to 

water table well borings. 

Based on past subsurface drilling at the site, augering methods may not be 

possible below those depths where extensive sand blow-in occurs. Due to 

limitations in augering methods, rotary drilling methods using casing will be used 

when appropriate. Alternative methods include use of dual-tube reverse air rotary 

or clear water wash rotary. In the event clear water does not remove cuttings or 

the borehole is unstable, a pure bentonite mud wash may be necessary to complete 

the boreholes. During drilling operations, attempts will be made to minimize the 

amount and use of bentonite drilling mud. Bentonite with chemical additives will 

not be used at the site. 

Water used during drilling activities will be obtained from the City of Rockton 

municipal water supply. As a quality assurance procedure, a sample of the water 

used for drilling and other activities at the site will be collected and analyzed for 

VOCs (CLP SOW OLM02.0) during initial drilling a~tivities. 

A log of the monitoring well boring will be recorded by the site geologist. Soil 

samples will be visually classified in accordance with the Unified Soil 
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Classification System (USCS). Twenty (20) soil samples will be analyzed by a 
soils laboratory for grain size. Samples will be selected following completion of 
the drilling program to obtain a representative selection of the various soil types 
encountered during the investigation. The purpose of these analyses is to confirm 
field identification of soils and to assist in assessing subsurface soils as a 
contaminant migration pathway. Soil samples will be field screened in the open 
atmosphere with a PID to assess potential hazards to the field personnel. The 
disposition of excess soils is discussed in Section 3.2.1.32 of the FSP. 

Final soil boring logs will be prepared based on field observations, natural gamma 
ray log response, and soil testing and laboratory sample classification. Soil 
samples will be retained for Beloit Corporation until termination of the RIIFS. 
Procedures for sample handling are discussed in the QAPP. 

Monitoring wells will be constructed as shown in Drawings 15268-A7 and 
15268-A8 in the Work Plan. Water table wells will be constructed with 10-ft 
long, No. 10 slot (0.010-in.) continuous wrap 2-in. I.D. stainless steel screens 
placed so the screen is likely to intercept the water table. Piezometers will be 
constructed with 5-ft long No. 10 slot (0.010-in.) continuous wrap 2-in. I.D. 
stainless steel screens and a 10 ft section of stainless steel riser. The riser above 
the 10 ft stainless steel riser section will consist of 2-in. I. D. schedule 40 PVC 
pipe for wells less than 80 ft deep and schedule 80 PVC pipe for wells greater 
than 80 ft deep. 

The annular space between the well and the edge of the borehole will be 
backfilled with clean silica sand to approximately 2 ft above the top of the well 
screen. A minimum 3-ft hydrated bentonite pellet seal will be placed directly 
above the sand pack. At water table wells, the annulus will be backfilled with 
granular bentonite. At piezometers, a fine silica sand or bentonite pellets will be 
placed above the sand filter pack and bentonite slurry placed above the fine silica 
sand or bentonite pellets, using a tremie pipe. A granular bentonite surface seal 
will be installed at each well. A locking steel protective casing will be installed at 
the surface of each well. 

The following partial abandonment procedures are to be followed when installing 
monitoring wells in water quality borings. 

If the backfill interval is greater than 50 ft then the water quality borehole is to be 
abandoned following IEPA ( 1990) monitoring well abandonment guidelines (see 
paragraph 2, Section 5.4.3.2). A monitoring well will then be installed in a new 
borehole that will be drilled approximately 5 ft from the abandoned water quality 
borehole. 
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If the backfill interval is less than 50 ft then the following guidelines will be used 

to install monitoring wells in water quality borings: 

• A tremie pipe will be used to install approximately 3/8-in. diameter 

bentonite pellets or chips (interlayered with a clean silica sand in 
permeable zones) in water quality borings that are less than 250 ft deep 

and with a standing water depth of less than 150ft. 

• 6.25-in. I.D. hollow-stem augers will be used to advance intermediate 

water quality boreholes that may require partial abandonment. 

Bentonite material must be installed at the base (minimum 2 ft thick) and top 

(minimum 2 ft thick) of the backfill interval and must also extend through 

impermeable zones. In the permeable zones a minimum of 2ft of bentonite 

material will be installed for every 4 ft of silica sand. If the backfill interval is 10 

ft or less then bentonite will be the only backfill material .utilized. 

New monitoring wells will be developed by alternatively surging and purging the 

wells for a minimum of 30 min. using a bailer. After the surge and purge cycles 

are completed, the well will be pumped until 10 well volumes are removed or· 

until the pH and specific conductance of water from the well has stabilized. The 

disposition of purge water is discussed in Section 3.2.1.3 of the FSP. 

To minimize potential inadvertent contamination by drilling and sampling 

equipment, and/or inter-borehole contamination, steam cleaning will be used 

between borings (except between borings at a well nest). The drill rig and drilling 

tools will be steamed cleaned before mobilization onto the site, and will be steam 
cleaned between each boring. The split spoon sampler will be cleaned in a 

liquinox or non-phosphate detergent solution between monitoring well boreholes 
except at well nests. The disposition of decon water is discussed in detail in 

Section 6 of the FSP. PVC and stainless steel well pipe and stainless steel screen 

will be steam cleaned or washed with a high pressure hot water washer prior to 
installation. 

5.4.3.3 In Situ Hydraulic Conductivity Tests • Hydraulic conductivity will be 
measured by baildown testing in water table wells and/or by air pressure methods 

in deeper piezometers. The Bouwer and Rice Method (1976) will be used to 
analyze the baildown test data. The methods to be used are as follows: 

• Measure water level with a tape and sounding device or electronic water 
level indicator. 
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• Place the pressure transducer into the well and allow approximately three 

minutes for the probe to equilibrate to the water temperature and pressure. 

• Install the well head pressure device to seal the well head (for piezometers 

only). 

• Enter the reference water level into the data logger and check the water 

level using the pressure transducer until water level reading is stable. 

• After a stabilized water level reading is obtained from the pressure 

transducer, the well (piezometers only) is pressurized with sufficient air 

pressure to displace several ft of water (0.4 PSI/ft of water). 

• Air pressure is maintained until the water level reading from the transducer 

is constant (for piezometers only). 

• The air pressure is then instantaneously released while running the 
pressure transducer recorder in the log sampling mode (for piezometers 
only). 

• At water table wells a single bailer of groundwater is removed to reduce 

the water level, while recording the pressure transducer readings with the 
data logger. 

• The test results may be immediately printed out to obtain a hard copy. 

• Data are transferred from the data logger to a computer for analysis. 

5.4.3.4 Water Level Measurements - Water levels in existing and new 
monitoring wells will be measured. An electric water level indicator will be 

lowered into the monitoring wells until the water level is reached. Depths will be 
recorded to the nearest 0.0 l ft · 

5.5 SURFACE WATER AND SEDil\tiENT INVESTIGATION 

5.5.1 Objective 
The objective of this activity is to determine surface water drainage patterns at 

and around the site. The staff gauge measurements will be used in the general 
assessment of site water levels and the affects of surface water/groundwater flow 
interactions. 
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5.5.2 Personnel and Responsibilities 
A survey crew or field technician will install three staff gauges in the Rock River. 

A technician will measure water levels. A scientist or engineer will identify and 

map drainage patterns. 

5.5.3 Methods 
Staff gauges will be metal rods with a scale in hundreds of feet. The gauge will 

be installed at least one foot into the river sediments, or until stable, so the scale 

extends at least one foot above and below the water line. The reference line on 

each gauge will be surveyed for location and elevation. Surface water level 

measurements will be obtained at the staff gauge locations concurrently with 

groundwater level measurements. Measurements will be made by reading the 

water level mark on the staff gauge and subtracting the measurement from the 

staff gauge reference elevation. 

A scientist or engineer will visually locate, identify, and map drainage patterns at 

the site. The drainage patterns will be plotted on a drawing developed from the 

site base map. The data will be used to assess the potential for erosional transport 

of contaminants off-site. 

5.6 SURFACE SOILS ASSESSMENT 

5.6.1 Objective 
The objective of this activity is to assess the potential for direct contact exposure 

to contaminated surface soils. 

5.6.2 Personnel and Responsibilities 
A geologist will collect surface soil samples at the twelve shallow boring 

locations and the background location. The background location is anticipated to 
coincide with the background monitoring well location. A scientist or engineer 

will identify the erosion potential of surface soils for assessing the surface soil 
contamination pathway. 

5.6.3 Methods 
An inspection of the site will be conducted. Surface soils will be observed and 

monitored with a PID during sampling activities. Based on this site inspection 
and analytical data collected during Source Characterization and Migration 

Pathway Assessment activities, the need for additional surface soil sampling will 
be determined. 
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5.7 AIR ASSESSMENT 

5.7.1 Objective 
The objective of this activity is to assess the potential for release of contaminants 

to air. 

5.7.2 Personnel and Responsibilities 
The geologist/engineer on each drilling rig will monitor air quality using a PID 

during soil borings and monitoring well installation. 

5.7.3 Methods 
Air quality will be monitored using a PID. Monitoring results above background 

will be recorded in each individuals field logbook. Monitoring during intrusive 

activities is assumed to approximate "worst case conditions", when potentially 

contaminated soil or waste is exposed to the atmosphere. 

5.8 GROUNDWATER SAMPLING 

5.8.1 Objectives 
The objective of groundwater sampling is to detennine the nature, magnitude and 

extent of groundwater contamination. 

5.8.2 Personnel and Responsibilities 
A crew of two technicians will collect samples. 

5.8.3 Methods 
Groundwater sampling will proceed from wells expected to have the lowest 

contaminant concentrations (based upon observations during drilling and existing 

groundwater quality data), to the wells suspected of having the highest 

contaminant concentrations. Each sampled well will be purged immediately prior 

to sampling using a submersible sampling pump at a high pumping rate. A packer 

will be used in all wells screened below the water table, and inflated within the 

stainless steel riser so as to seal off the PVC riser. 

The volume of water removed from the well will be measured so that a minimum 

of three volumes are removed. Specific conductance, temperature and pH will 

also be monitored for stabilization during purging. After well purging has been 

completed, the pumping rate will be decreased to approximately 100 ml/min and 

the VOC sample collected directly from the pump discharge. Sample bottles, 

filtering, and preservation will be as specified in Table 1-2 of the QAPP. 

The disposition of purged water is discussed in Section 3.2.1.3 of the FSP. 
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The sampling equipment and water level measurement tape will be cleaned 

between wells with a Liquinox or another non-phosphate detergent solution and 

rinsed ".-:ith deionized water. Decontamination of the pump and tubing will 

consist of pumping the decon solution into the wash tanks for several minutes. 

The pump will then be moved into the rinse tank and pumping will resume with 

rinse water. 

Groundwater sample blanks will be collected by pumping deionized water 

through the sampling pump into the sample bottles. Matrix spike/matrix spike 

duplicate samples will be collected using the same sampling device. Duplicate 

samples for volatile organics analysis will be obtained by alternately filling VOC 

vials from the pump. The remainder of the sample will be split between the 

principal sample and the duplicate sample. 

[mad-603-lSg] 
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DECONTAMINATION PROCEDURES 

Procedures to be followed to decontaminate equipment and personnel are 
described in the Site Health and Safety Plan. The procedures are summarized 
below. 

Site Personnel Decontamination Procedure: 

• Equipment drop; 
• Wash outer booties and rinse; 
• Dispose of outer latex booties; 
• Wash boots in Liquinox bootwash; 
• Clean outer gloves in Liquinox wash solution (discard if too soiled to clean 

thoroughly); 
• Dispose of polycoated Tyvek suits; 
• Dispose of surgical gloves; 
• Wash hands in hand wash; 
• Wash face and neck in face wash; and 
• Clean and sanitize face mask. 

Site personnel will perfonn the above mentioned decontamination procedure prior 
to leaving the site. Discarded clothing and other articles will be collected in 
double-lined, heavy duty garbage bags. 

Equipment and vehicle decontamination procedure: 

• Decontamination will be perfonned prior to site entry; 
• Decontamination will be perfonned on site; 
• Gross contamination will be removed with a brush and Liquinox solution; 

and 
• Steam cleaning or hot water high pressure washing will follow. 

The drilling equipment will be steam cleaned or high pressure hot water washed at 
the temporary decon facility and between boring locations prior to exiting the site. 
Another area, located away from the equipment decontamination area, will be 
designated as a site personnel decontamination area. 
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Decontamination will include steam cleaning or hot water high pressure washing 
the drill rig, drilling equipment, and tools between boreholes, and detergent 
washing and water rinsing the split spoon samplers after each collected sample. 
The drill rig and equipment may also require scrubbing of accessible parts with a 
detergent/water solution. Well materials will also be steam cleaned or hot water 
high pressure· washed and wrapped in plastic until installed. The bailer cable, 
trowels, spatulas, stainless steel bucket and water level measurement tape will be 
cleaned with Liquinox or another non-phosphate detergent solution, and rinsed 
with deionized water. 

All decontamination water will be captured by the decontamination pad, pumped 
into appropriate storage containers and then routed to the local POTW for 
treatment, assuming that approval can be obtained from the POTW. If approval 
can not be obtained, these materials will also be contained, stored in a secure area 
on Beloit Corporation property and disposed of at the time of the final remedy. 
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SAMPLE HANDLING 

AND ANALYSIS 

7.1 PARAMETERS 

Samples collected for chemical analysis will be analyzed by a laboratory 

approved by the U.S. EPA Region V Contract Program Management Section 

(CPMS). Chemical parameters for which groundwater will be analyzed are: 

• U.S. EPA CLP TCL organics; 
• U.S. EPA CLP TAL inorganics; 
• Field pH; 
• Field-specific conductance; 
• Chloride; 
• Sulfate; 
• Alkalinity; 
• Total phenolics; 
• Nitrate-Nitrite nitrogen. 
• Ammonia nitrogen; and 
• Total dissolved solids. 

Measurement of pH, specific conductance, and temperature will be performed in 

the field. The groundwater samples to be analyzed for U.S. EPA CLP TAL 
metals will be field filtered with 0.45 micron filters, as soon as possible after 

collection. Shallow soil boring samples (soil) will be analyzed for U.S. EPA TCL 

and TAL parameters. Select samples from monitoring well installation borings 

will be analyzed for grain size by a soils laboratory. 

7.2 SAMPLE PRESERVATION 

Samples will be collected and preserved in a manner appropriate for the analyses 
they receive (see Table 1-2 of the QAPP). The portion of groundwater samples 

requiring field filtering prior to analysis (see Table 1-1 of the QAPP) will be 

filtered using a pressure filtration device, through a 0.45 micron filter, as soon as 
possible after collection. Filtered portions of the samples will be preserved, as 

appropriate, immediately after filtration. Sample fractions will be preserved 
before shipment according to the procedures shown in Table 1-2 of the QAPP. 
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Preservatives added to the samples will be prepared using reagent grade 

chemicals. Table 1-2 of the QAPP should be consulted for details regarding 

sample packaging and shipping. 

[rnad-603-15i] 
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SAMPLE DOCUMENTATION 

Field sampling activities will be documented using a bound waterproof 
notebook/logbook. Information recorded in the field logbook will include date of 
sampling, sampler, weather conditions, observations, and methods of 
preservation. Additional data pertaining to sampling may also be included in the 
logbook. 

Samples will be collected under chain-of-custody procedures. Standard forms 
including sample labels, sample tags, chain-of-custody forms, and custody seals 
used for sample tracking will be maintained (see attachments). A brief 
description of sample documents follow: 

A. Chain of Custody Form 

1. One form per shipping container (cooler). 

2. Carrier service does not need to sign form, if custody seals remain intact. 

3. Use for all samples. 

B. Chain-of-Custody Seals 

1. Two seals per shipping container to secure the lid and provide evidence 
that samples have not been tampered with. 

2. Cover seals with clear tape. 

3. Record seal numbers on Chain-of-Custody Form. 

4. Use for all samples. 

C. Sample Tags 

l. Each sample container must have a sample tag affixed to it. 

2. Sample tag numbers are recorded on the Chain-of-Custody Forms. 
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3. Use for all samples. 

D. Sample Identification Record Form will: 

1. Provide means of recording crucial sample shipping and tracking 

information. 

2. Contain information such as: 

• Sample number 
• Sample matrix 
• Sample location code 
• Sample round 
• Chain-of-custody number 
• Lab code 
• Date sampled 
• Date shipped 
• Airbill number 
• Sampling tag number 

Paperwork accompanying the samples being shipped to the laboratory will be 

sealed in a plastic bag that is taped to the inside of the cooler lid. Copies of the 

chain-of-custody forms, and other paperwork (if possible), will be retained with 

the field files. 

Two sample seals will be placed on opposite sides of the lid and extending down 

the sides of the cooler. The lid will be securely taped shut prior to shipment 

[mad-603-!Sj) 
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Activity 

TASK 1 

· Site Happing 

Evaluation of Existing 
Monitoring Wells 

TASK 2 

SOURCE CHARACTERIZATION 

Electromagnetic/ 
Magnetometer Survey 

Soi 1 Gas Survey 

f 

TABLE 1 

SUMMARY OF DATA GENERATING ACTIVITIES 
AND ASSOCIATED QUALITY OBJECTIVES 

BELOIT CORPORATION ROCKTON FACILITY 
ROCKTON, ILLINOIS 

Use of Data 

Prepare a site base map for use in 
developing other maps showing RI/FS data. 

Assess the condition of existing wells 
at the site. Supplement the evaluation 
of geologic conditions at the site. 

Assess the presence and location of 
buried metal drums and/or underground 
storage tanks. 

Data Quality Objective 

Accurately depict existin9 conditions, and 
prepare accurate Rl data 1nterpretation 
presentations. 

Identification of wells to be used during 
the RI. 

Obtain consistent relative differences 
among sampling points. 

Identify potential contaminant source Identification of VOCs present in soil gas 
areas. To optimize placement of groundwater samples. Obtain relative differences among 
quality and soil borings. sampling points. 

· Shallow Soil Borings Collect surface and subsurface soils 
and Soil Sampling lsurface and quantify contamination in 

Identification of compounds present at 
source areas. Meet performance criteria for 
TCL parameters for organics and TAL 
parameters for inorganics as stated in the 
QAPP. 

and subsurface soils) potential source areas. 
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Activity 

MIGRATION PATHWAY ASSESSMENT 

Hydrogeologic Investigation 

Deep and Intermediate 
Groundwater Quality 
Borings 

f 

Honitori n9 We 11 
Installat1on and 
Replacement 

Hydraulic Conductivity 
Testing 

Groundwater Level 
Measurements 

Location and Elevation 
Survey 

Surface Water and 
Sediment Assessment 

Air Assessment 

c ( 

Use of Data 

TABLE 1 
(continued) 

Define hydrostratigraphy, subsurface 
geology and the potential for 
preferential groundwater flow pathways. 

Characterize site geology and 
hydrogeology. Obtain groundwater 
samples for assessment of contaminant 
migration pathways. 

Assess hydraulic conductivity rates at 
the site. 

Define site water table and groundwater 
flow directions. Evaluate vertical and 
horizontal hydraulic gradients; assist 
in evaluation of potential changes in 
contaminant migration. 

Locate soil borings, monitoring wells 
and other sampling locations. 

Evaluate drainage patterns and runoff 
characteristics. 

Assess air-migration pathway through 
health and safety monitoring during site 
activities. 

I ( ( I I 
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Data Quality Objective 

Screen the vertical extent of contaminant 
migration. Heet the performance criteria for 
methods described in the FSP. 

Heet performance criteria for methods 
described in the FSP. Accurately 
and consistently describe the distribution of 
unconsolidated deposits. 

Obtain valid test results. 

Accurate water elevation measurements to 
the ±0.01 ft. 

Locate sampling points to an accuracy of 
±1 ft horizontally; and monitoring wells 
to an accuracy of ±0.01 ft vertically. 

Inspection of the site by a qualified 
scientist. 

Accurate collection of data with health and 
safety monitoring instruments. 

( I 1 ( ( ( 
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Activitv 

Contaainant Characterization 

Groundwater Sampling 

TJK/kml/JEH/KJD/KJQ 
[mad-403-09] 
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Use of Data 

TABLE 1 
(continued) 

Provide preliminary assessment of 
contaminant source impact on groundwater 
quality, and to aid in assessment of 
groundwater migration pathways. 

( 
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Data Quality ~ective 

Heet performance criteria for TCL organics 
as stated in CLP SOP's. Heet performance 
criteria for inorganics and general water 
quality indicator parameters stated with 
method descriptions in the QAPP. 
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1. INTRODUCTION 

Mcasur~ment of ground resistivity is one of the oJdcst 

geophysical techniques. Table 1, taken dircctJy from 

Heiland*, lists typical values of resistivity for 

a variety of geological materials (pages 4-7). The 

values given arc in ohm-centimeters and must be divided 

by one hundred to give ohm-meters. 

It will be observed that in most cases the actual 

resistivity itself is not diagnbstic and a knowledge of 

the way in which the resistivity varies laterally and 

with depth is of great importance, since this permits 

us to "sec" features as a result of their shape rather 

than their actual resistivity values. There is thus a 

requirement for instrumentation which permits the rapid 

and accurate measurement of terrain resistivity. Since 

the EM31 does not require electrical contact with the 

ground it fulfills this objective. 

The basic principle of operation of the Hl31 is simple. 

With reference to Fig. 1 a transmitter coil located at 

one end of the instrument induces circular eddy current 

loop~ in the earth. Under certain conditions fulfilled 

in the design of the EM31 the magnitude of any orie of 

these current loops is directly proportional to the 

terrain conductivity in the vicinity of that loop. Each 

one of the current loops generates a magnetic field 

which is proportional to the value of the current flowing 

within that loop. A part of the magnetic field from 

each loop is intercepted by the receiver coil and results 

* Heil<Jnd, C.A. Geophysical Exploration. liafncr 

Publishing Co., Neh' York 1968 
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Fig. 1 INDUCED CURRENT FLOW IN GROUND 
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INTRODUCTION (cont'd) 

in an output voltage which is therefore also linearly 

related to the terrain conductivity. 

This instrument is calibrated to read the correct con

ductivity when the earth is uniform. In the event that 

the earth is layered, with each layer of different con

ductivity, the instrument will read an intermediate 

value as discussed in more detail in Section 5.2. 

The unit of conductivity used is the millimho per meter. 

To obtain resistivity in ohm-meters the instrument 

reading is divided into 1000 - i.e., :1 reo.ding of four 

millimhos per meter divided into 1000 gives t~o hundred 

and fifty ohm-meters. 

-· ---- ··-- .. _______ _j 
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Theoretical calculations show, as will be quickly evident 
to the.operator, that the reading obtained is essentially 
independent of the orientation of the instrument with res
pect to the earth. There is, however, a small dependence 
on the height above the ground; lifting the instrument 
from the surface of a uniform earth to the normal opera
ting height of about one meter results in a reduction in 
the reading of 12%. The calibration has been adjusted at 
the factory so that the instrument reads correctly over a 
uniform half-space when worn as shown in the data sheet. 
If the earth is layered, raising the instrument from the 
surface of the earth to the normal operating position can 
result in a reading which stays constant or even increases 
slightly with height. In general, readings made with 
the instrument at hip height will be sufficiently 
accurate, but for maximum accuracy the instrument can be 
laid on the ground as discussed in Section 5.2. 
There are two components of the induced magnetic field 
measured try the EM31. The fl.rst is the quadrature:.p_hase -- -·· ·---···--- -----··-·-- --C.fLm..P~!!~!-~hi_:_~ ___ g~_~e s the ground _conduc..t.i vity measurement 
Q.~ _ _Q~_s_s:_r_~b-~~ 1he second is the inpha._.~~--<;:Q.!TIP..2~~nE __ use_d 
primarly in __ ~!le E-M3! for calibration purpo.?_e.!?. _The 
inphase com~onent how~ver is significantly more sensitive 
to large metallic objects and hence very useful when 
l~oking for buried metal drums. Although this component 
has been available in the standard EM31 by operating in 
the compensation mode (Section 2.2), both components are 
now available in the D131-D from an analog output connector 
when coupled to a dual channel recorder. 

- --· --·--···---·· ------------------
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Measured Quantities 

Primary Field Source 

Sensor 

Intercoil Spacing 

Operating Frequency 

PO\"er Supply 

Conductivity Ranges 

Measurement Precision 

Measurement Accuracy 

Noise Level 

Operator Controls 

Analog Output 

Dimensions 

\'Weight 

-----------·-----

Ef.-131-l> SPECIFICATIONS 

(1) Apparent conductivity of the 
ground in millimhos per meter 

(2) Inphase component of the induced 
magnetic field 

Self-contained dipole transmitter 

Self-contained dipole receiver 

3.66 meters 

9.3 kHz 

8 disposable alkaline 'C' cells 
(approx. 20 hrs life continuous use) 

3, 10, 30, 100, 300, 1000 mmhos/meter 

± 2% of full scale 

± 5% at 20 millimhos per meter 

<0.1 millimhos per meter 

·Mode S"•itch 
•Conductivity Range Switch 
·Phasing Potentiometer 
·Coarse Inphase Compensation 
·Fine Inphase Compensation 

Connector on EM31-D for dual channel 
analog recording of ground 
conductivity and inphase component 

Boom 4.0 meters extended 
1.4 meters stored 

Console 24 x 20 x 18 em 
Shipping Crate: 155 x 42 x 28 em 

Instrument Weight: 9 kgm 
Shipp i n g IV e i g h t : 2 3 kg m 

..... 
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a) 

b) 

c) 

~IANUAL Page 9 

OPERATING INSTRUCTIONS 

The EM3J can be used both to measure the electrical 

conductivity of the ground and to detect buried 

metal objects. Section 2.1 describes the procedure 

for measuring ground conductivity and section 2.2 
for buried metal detection. 

Ground Conductivity Measurements 

Initial Set-up Procedure 

Using the identifying labels on the tubes select 

the transmitter coil tube, align it with respect 

to the main tube, insert it and fix it with the clamp. 

Check the battery condition, plus and minus, by 

setting the Mode switch (MODE SELECTOR SWITCH) to the 

OPER position and the Range switch to the +B and -B 

positions r~spectivcly. If the needle reads inside 

the BATT mark on the meter, batteries are in good 

condition, otherwise replace the batteries with a fresh 
set of C size alkaline batteries. 

Check the zero reading by setting the Mode switch 

to the_ OPER position and the Range switch to the 

least sensitive position 1,000 mmhos/meter (this 

minimizes any external noise interference while 

checking the zero position). If a zero adjustment 

is required adjust the DC ZERO CONTROL located 

under the front panel to obtain a zero reading. 

To do this the battery pack must be removed to gain 
access to the controls. 

- .. ---·--·--- --------------
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Align and connect the receiver coil tube to the main 

frame tube. The instrument is now ready to proceed 

with the functional checks. 

2. 1. 2 Equipment Functional Checks 

The Range switch should be set at 30 millimhos/meter 

position for all the follo\lfing tests. (If the 

reading is off scale, i.e., greater than 30 millimhos/ 

meter, see note.) 

a) Set the Mode switch to the COMP position and adjust 

the meter reading to zero using the COARSE and FINE 

COMPENSATION controls. 

b) To check the phasing of the instrument set the Mode 

switch to the PHASE position. Note the meter reading 

and rotate the COARSE control one step clockwise. 

If the meter reading remained the same, the phasing 

is already corre~t; return the COARSE control to its 

original position (one step counter clockwise) and 

no further adjustment is necessary. 

If there was a difference in the meter readings 

taken before and after the COARSE control was 

rotated one step clockwise then a phase adjustment 

is required. With the COARSE control in its original 

position adjust the PHASE potentiometer about 1/4 turn 

clockwise and note the new meter reading. Rotate 

the COARSE control one step clockwise, take a reading, 

and return the COARSE control to its original position. 

If the difference in meter readings has decreased, repeat 

the procedure using a further clockwise adjustment, 

until rotating the COARSE control the one step 

clockwise produces no change in the meter reading. 
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If, on the other hand, the difference in meter 
reading~ was increased, th~ PHASE potentiometer 
should be rotated in a counter clockwise direction instead and the procedure described above repeated 
until there is no change in th'e meter readings. 
Always remember to set the COARSE control back to 
its original position. This can be confirmed by 
setting the Mode switch in the COMP position and 
checking that the meter reads zero. If it does not read zero, repeat steps (a) and (b). 
To check the sensitivity of the instrument, set the Mode switch to the COMP position and rotate the COARSE control clockwise one step. The meter should read between 75% and. 85% (22 to 26 millimhos/meter) of full scale 
deflection (inside black mark). It is unlikely that the sensitivity of the instrument will vary, however it may be useful to record the actual meter reading for comparison at a later date. 
Return the COARSE switch to its original position and the EM31 is now ready to make ground conductivity measurements. 

When conducti~g the functional tests over ground 
of higher conductivity than 30 millimhos/meter, the Range switch should be set at the appropriate level. At whatever level the Range switch is in, the reading taken in (c) should still be between 22 and 26 millimhos/ meter. 
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Operating Procedure 

a) Wearing the instrument '"ith the shoulder strap 

adjusted so that the instrument rests comfortably 

on the hip as shown, switch the ~1ode S\.ritch to the 

OPER position and rotate the Range s "'itch so that 

b) 

the meter reads in the upper two thirds of the scale. 

The full scale deflection is now indicated by the 

Range switch and ~he instrument is reading the 

terrain conductivity directly in millimhos per meter. 

The EM31 can be operated continuously while moving 

from one measurement station to the next however, 

the instrument has a time constant of about one 

second for which the operator should adjust his 

walking speed to obtain greatest accuracy. 

1\ltcrnatively, to extend buttery life the instrument 

can be SNitched on at each measurement station when 

not using a recorder. The operator will notice that 

the type of integrator used results in a slighi initial 

overshoot of the needle at turn on. This is normal, 

a n d t h a t at J e as t two s e con <.1 s s h o u 1 d b c a 11 o \,· e d a f t e r 

turn on before the measurement is taken. 
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Buried Metal Detection 

Set-up"and Operating Procedure 

The i npha se component of the mogne tic field 
is significantly more sensitive to large metallic 
objects than the quadrature-phase co~ponent used for 
ground conductivity measurements. 

The inphase component is readily measured with the 
H131 by simply taking the reading with the ~lode 
switch in the COMP position rather than in the 
OPER position. 

It is recommended that the 30 mmho/m range be used 
since it usually gives adequate sensitivity, however 
more or less sensitive positions of the Range switch 
may also be used. 

To carry out a survey measuring the inphase component 
set the Mode S\.Ji tch to the CO~IP pas it ion and adjust 
the COARSE and FINE compensation controls so that 
a meter deflection of about 20% of full scale deflection 
is obtained. (The procedure of adjusting to 20% of 
the full scale deflection rather than to zero is only 
a convenienc~ to allow for negative readings on the 
meter and under certain conditions a possible change 
in the reference level. For example, a sudden jar to 
the instrument can result in a small positive or negative 
change in the inphase reference level). 

The survey is then carried out exactly as if the 
conductivity were being measured. 
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c) 

Notes (1): 

(2) 

\IA~Ui\L 

This lack of a true zero reference should not 

cause any serious problems since when using the inphase 

com~onent one is usually only looking for buried metallic 

objects. 

These Nill be easily recognizable by relatively 

localized meter deflections occuring either singly or 

in a series of responses depending on the number of 

buried objects, their spacing and depth of burial. 

The 20% offset should only be used Nhen the inphase 

component only is being measured continuously. If 

both conductivity (quadrature phase) and inphase 

measurements are being made at each station the 

procedure described in 2.1.2 (a) should be used so 

that accurate ground conductivity measurements are 

obtained. If negative inphase measurements are obtained 

one should check the inphase reference level and/or 

the area for buried metallic objects or utilities. 

Similarly when the dual channel recorder is being used 

there ~hould be no zero offset as described in 2.2.1 
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(b) and the meter reading set to zero using the COARSE r 
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3. 

and FINE controls as described in 2.1.2 (a). 

A zero offset for negative inphase readings can hoNever 

be allow~d for on the recorder by setting the zero 

position of the pen at some arbitrary positive value 

when calibrating the recorder. 

INSTRUMENT CALIBRATION 

Prior to shipping, the instrument is calibrated in the 

factory to read properly. If necessary, calibration 

procedures are easily carried out as described beleN. 

IMPORTANT The most critical adjustment is the QF 

(quadrature fine) potentiometer which has been 

precisely adjusted at the factory. 
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Before any adjustments arc made it is strongly 
reco~nendcd that the instrument first be set up at 
;1 fixed height over a known location and the ground conductivity carefully noted. If this adjustment is misaligned the instrument will have to be recalibrated over ground of known conductivity. 
Null CaLibration 

The zero setting of the EM31 can be readily set by follm.,ring the procedure described in section 2. l. l (c) . 

Absolute Calibration 

Absolute instrument calibration is easily achieved if an area of ground is available of known and constant ~onductivity down to the depth of penetration of the instrument. The procedure is simple; the instrument is located over the known area at the usual operating height (approximately lm) and the QF compensation control is adjusted until the meter reads the correct terrain conductivity. If the ground conductivity is high the graph of Fig. 3 must be used to correctly set the instrument reading. 
It is wise to maintain such an area as a calibration check area even if the variation of the conductivity with depth at that area is not accurately known. This is useful for cross checking with future measurements. 

Note: 

The QF and NULL-controls arc located under the front panel. Battery pack should be removed to have access. 
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4. SURVEY TECHNIQUE 

Surveyin9 with the EM31 is straightforward. As pointed 

out in a previous section, measurements may be made 

either continuously or on a station-by-station basis. 

In either case it is always recommended, as for any 

other geophysical survey, that survey lines and measure

ment stations be carefully laid out, and the survey 

performed in a systematic fashion with the resulting data 

accurately plotted for each measurement station. The 

most common survey error is to have the survey lines too 

short, in which case they do not extend sufficiently far 

off the supposedly anomalous region to permit the opera

tor to establish the background val~~s of terrain conduc

tivity. 

The EM31 yields good spatial resolution and measurement 

stations should be ten meters apart if the maximum reso

lution is to be employed. In many cases this spacing 

will be smaller than necessary, and twenty or perhaps 

forty meters will be adequate. The decision as to the 

correct spacing will be based on a knowledge of the 

lateral dimensions of the anticipated resistivity· anomaly. 

To ensure the correct spacing it is useful, at the start 

of the survey, to continuously observe the conductivity 

values that are encountered as the operator moves down 

the survey line. 

The resolution in conductivity of the EM31 is also high, 

with changes of 5% being quickly perceived. This instru

ment is capable of giving an extremely precise survey 

with information on small variations in the terrain 

conductivity. 

-
-
-
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4. SURVEY TECHNIQUE (cont'd) 
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It was seen in Section 1 that current flow within the 

earth consists of a series of concentric circles, assuming 

that the conductivity is laterally uniform. Therefore 

in the case of a uniform half-space, rotation of the 

instrument in a horizontal plane about the transmitter 

coil as a pivot ~ill produce no change in the meter 

reading. Conversely, any change in the reading as this 

procedure is carried out is an indication of lateral 

inhomogeneities in conductivity. It is simpler and usu

ally sufficiently accurate for the operator to rotate 

the instrument through 90° using himself as pivot at 

each measurement station. Thus if the lines are in a 

north-south direction the operator would normally walk 

along the line with the instrument pointing in a north

south direction; at each measurement station he can also 

take a reading with the instrument pointing east-west 

to check that this is essentially the same as the north

south reading. In-the.._e_ve_n_t tha_t _this _!"g~Q_ing is signi-
.. ----------- --

ficantly different_it may be worthwhile for the operator 
.. -· -·----------------------------

to _then_)~'C?tate the instrument __ tQ_ th~ P9J~~s_wher_e__th.e . --- .. .. ·-·---=-~- --·----· 
c~C?-~~yi_tx__reading i.-~--~~-~~--2--maximum_and_a_mini-lll~J!ll--L 

and tC?_ record_ both yal_~~~ The ay__er_ag~ _ _y_~!_u_~~_?.n t:_~_~n 

be ":l.§_e<:l for the data reduction. 

The EM31 is somewhat· sensitive to underground conductors 

such as large pipes, etc. These are usually easily 

recognized by the large meter fluctuations which occur 

within a short distance, as shown in Fig. 2. In an 

actual survey, since the negative-going peak is often 

off-scale, it is not possible to use it to locate the 

pipe; finding the point half way between the two positive-
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4. SURVEY TECHNIQUE {cont'd) 
going peaks approximately performs the same task. It is then possible to accurately determine the location and strike direction (azimuth) of the conductor axis as follows: the approximate location is determined as above, and a traverse is then made over the conductor ---....) with the EM31 pointing in the approximate direction of the conductor axis. The meter reading will now be a positive maximum when the instrument is both d~rectly over the conductor and pointing accurately along the conductor axis. 

The instrument is relatively unaffected by fences, overhead power lines, and other nearby metallic objects. In order to determine whether the reading is influenced by such structures the operator should rotate the instrument to check £or changes in reading, becoming suspicious if a maximum di" minimum occurs when the instrument points either perpendicular or parallel to the structure. Before recording the measurement the operator should move away from the structure until no evidence of lateral inhomogeneity is seen when the instrument is rotated. 

It should be remembered that the EM31 is an electromagnetic tool and care should be taken near obvious CQnductors until the operator has satisfied himself as to their possible affect. In every case this is determined by rotating the instrument and determining whether there is a maximum and minimum which appears to be realted to the structure. If a structure is giving such an effect it is not advisable to take the average value of the two readings as an indicator of the terrain conductivity. 



EM3l 
MANUAL 

Page 20 

4. SURVEY TECHNIQUE (cont'd} 

In general the conductivity readings obtained with the 

EM31 will vary smoothly from one region to another. In 

some cases however, as for example where a well defined 

vertical contact separates a poor conductor from a very 

good conductor, edge effects may be seen in which the 

readings vary rapidly with position and are no longer a 

good indicator of the terrain conductivity. Edge effects 

may also occur where a very good conductor {a few ohm

meters or less) has dimensions of the order of the inter

coil spacing, and again the indicated readings may not 

accurately reflect the true terrain conductivity. In 

any circumstance where the apparent conductivity varies 

significantly in a distance which is· short compared with 

the intercoil spacing the possible presence of edge ef

fects or local subsurface conductors must be considered. 

Finally, particularly during mid-summer afternoons, 

electrical static (electromagnetic radiation from local 

or distant•thunderstorms) may cause the meter readings 

to become noisy. This is usually evidenced by sudden 

flicks of the meter needle, however in very severe cases 

the meter may simply wander about an average reading. 

Should this occur it is recommended that measurements 

cease until the "spherics" are over, usually later in 

the afternoon. Similarly, noisy readings may also be 

noted when making measurements near large power lines. 
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5. DATA INTERPRETATION 

5.1 Uniform Halfspace 

The EM31 has been designed to operate over a range of 

resistivities from a few ohm-meters to thousands 

of ohm-meters. For smaller resistivities the instrumental 

response departs from linearity as shown in Fig. 3, where 

it will be seen that up to one hundred millimhos per meter 

the indicated conductivity (cr } closely approximates the a 
true conductivity. A departure from linearity is evident 

for true conductivity greater than one hundred millimhos 

per meter and beyond one thousand rnillimhos per meter the 

instrument response decreases with increasing conductivity. 

As stated in the introduction, it is generally more infor

mative to observe the spatial variations of terrain con

ductivity rather than the absolute value of conductivity 

itself. Fig. 3 shows that as long as the terrain conduc

tivity does not fall below five hundred millimhos per 

meter (2 ohm-meters} the instrument will be adequately 

sensitive to·small changes in conductivity although it 

does not read the actual value of conductivity accurately. 

If necessary, Fig. 3 can be used to correct values of in

dicated conductivity to actual conductivity. 

It should be noted that the graph refers to the worst 

case viz that of the uniform halfspace. If only a por

tion of the subsurface ground beneath the instrument is 

of high conductivity as in the case of horizontal 

layering, the influence of the high conductivity layers 

will be proportionately reduced and the indicated conduc

tivity will accu~ately read the "apparent conductivity" 

as defined in the following section. 
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5.2 Multi-Layered Earth 

A geophysical model that is of particular importance is 

the horizontally layered earth, and the EM3l~~llows a 

very simple interpretive technique for this model. In 

order to utilize the model the terrain layering must be 

well defined and constant over a lateral distance of at 

least five meters in any direction from the instrument. 

This condition is often satisfied and this fact is res

ponsible for the usefulness of the technique described 

herein. 

Fig. 4 is a plot of "R(Z)", a function which describes 

the cumulative relative contribution of all of the 

material below a depth Z to the instrument reading. 

Thus if we multiply this function by one hundred (so as 

to yield percent) all of the ground below a depth of 

two meters yields 59% of the response, the ground below 

three meters yields 47%, the ground below six meters 

yields 29%, etc., assuming that the conductivity itself 

does not vary with depth. 

The algebraic expression given on the figure illustrates 

the technique which is used to calculate the "apparent 

conductivity" that w{ll be measured by the instrument 

for any number of layers, for any values of conductivity 

and for any thicknesses. Consider for example Fig. 5, 

which illustrates in cross section a buried river valley 

cut into shale and subsequently infilled with glacial 

till. We wish to calculate the instrument response as 

such a structure is traversed. This is a two layer 

problem and the expression for the apparent conductivity 

reduces to: 

( 1) 

I 
I 
I 
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5.2 Multi-Layered Earth (cont'd) 

The table accompanying the figure shows the calculations 

which yield the value of apparent conductivity at various 

thicknesses of the upper layer. Thus as we traverse such 

a structure we would find that the apparent conductivity 

fell from 32.6 millimhos per meter at a large distance 

from the buried river valley to 16.0 millimhos per meter 

at the center of the valley. 

Fig. 6 illustrates a second situation where now the ob

jective is to locate bedrock highs within muskeg. This 

is again a two layer case and the table illustrates the 

calculations to determine the apparent conductivity. 

For this configuration, i.e. a conductor on top of an 

insulator and k 2 a small quantity, the measured apparent 

conductivity becomes relatively independent of the actual 

value of the conductivity of the lower layer. For k
2

<< 1, 

the apparent conductivity simply becomes a function of 

the thickness of the upper conductive layer. 

Finally a third example is given in Fig. 7. In this case 

we wish to traverse a thickening gravel deposit; the max

imum thickness is such that the instrument still responds 

to material below the deposit. This is an example of the 

situation of an insulator sandwiched between two conduc

tors and is inevitably the most difficult geometry for 

electromagnetic systems to detect, as evidenced by the 

tabulated values of apparent conductivity. Even at a 

thickness of five meters (station D) there is still sig

nificant response from the till beneath the deposit and 

this response tends to keep the apparent conductivities 

high. 

-•··---· ---------------------- -- _______________ _j 
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5.2 Multi-Layered Earth (cont'd) 

The three examples show how to calculate the response of 

the EM31 over a variety of geological environments. Since 

the instrument operates at a fixed intercoil spacing it 

is not possible to completely "sound" or evaluate differing 

conductivity layers with depth. Section 5.3 will show how 

to further resolve the two-layer case, however it is always 

useful to be able to calculate the apparent conductivity 

which would arise from a given multi-layer model to see 

whether that model fits the measured data. 

Fig. 8 shows the apparent conductivity over the two l~m

iting cases of a two layer geometry where the conductivity 

contrast is very large. In Fig. SA the upper layer is 

assumed to be very resistive and the figure shows the 

apparent conductivity with respect to the lower layer con

ductivitv (assumed known) as a function of the depth below 

the surface of the lower layer, for values of k of ten and 

infinity. Thus for large k the figure permits the operator 

to quickly'convert the measured values of apparent conduc

tivity to depth, and to estimate the error if the conduc

tivity contrast is not infinite. 

Fig. 8B performs the same task for small values of conduc

tivity contrast. It should be noted that Fig. 8B plots 

the apparent conductivity with respect 1:..Q_!)!~- _ ':lPP_e~- ~ayer 

conducti ~-~y .. 

It is stated in the data sheet that the effective depth 

of penetration of the EM31 is approximately six meters. 

Justification for this claim ·is shown in Fig. 8 where it 

is seen that for either a resistive (k = ~) or conductive 

(k = 0) upper layer the apparent conductivity is still 
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5.2 Multi-Layered Earth (cont'd) 

satisfacto~ily sensitive to changes in the upper layer 

thickness at six meters. The limitation in 

resolving further changes in thickness is imposed by 

probable variations in the conductivity of either layer. 

5.3 Geometrical Sounding of Two Layered Earth 

It is possible with the EM3l to determine whether the 

conductivity increases or decreases with depth by laying 

the instrument on the ground, noting the reading, and 

then placing the instrument on its side so that the 

meter face is vertical and again noting the instrument 

reading. The reason for this is that when the instru

ment is on its side the new transmitter and receiver 

coil orientation with respect to the earth causes the 

effective depth of penetration of the instrument to be 

essentially halved. It should be noted that in this 

configuration the current flow does not exhibit the cir

cular symmetry shown in Fig. l. Thus let o be the 
a 

apparent conductivity indicated by the instrument on the 

ground in its normal operating position and let o ' be 
a 

the apparent conductivity indicated when the instrument 

is lying on its side. If o is greater than o ' we 
---a--· a 

know that the conductivity is increasing with depth and 

vice versa. The ability of the EM3l to indicate whether 

the conductivity is increasing or decreasing with depth 

is often of considerable diagnostic value. 

It will be observed from the above that it is now pos

sible to obtain two measured quantities at each measure

ment station. In the event that the earth consists only 

of two layers, there are three unknown quantities i.e. 
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5.3 Geometrical Soundin9 of·Two Layered Earth (cont'd) 

the conductivity of the upper and lower layer and the 

thickness of the upper layer. If one of these is known 

it is possible, using the technique described above, to 

determine the other two. More importantly, when there 

is a large conductivity contrast so that the conductivity 

of either the upper or lower layer can be ignored with 

respect to the other layer then it is possible to com

pletely resolve the two layered earth. An example of 

the importance of this can be seen in Fig. 8 which gives 

the instrumental response as a function of upper layer 

thickness for either a resistive or conductive upper 

layer. In order to use these graphs it is necessary to 

know the conductivity of the lower or upper layer res

pectively, since both graphs are normalized with respect 

to these quanti ties. An ina~-~u~a te knowledge of a 2 in 

the case of a resistive upper layer or o 1 in the case of 

a conductive upper layer can result in a substantial 

error in the calculated thickness of the upper layer. Any 

technique.which allows us to determine the conductivity 

of the more conductive layer is of considerable impor

tance since by definition the EM3l is most useful when 

one layer presents a significant conductivity contrast 

with respect to the other. 

Fig. 9 shows a multi-layer response diagram R(Z), com

pletely analogous to Fig. 4 but with the instrument now 

laying on the ground. Fig. 10, which presents the 

function R' (Z) as a function of depth is the same function 

as Fig. 9 but now with the instrument rotated on its side 

so that the meter face is vertical. It will be noted from 

Fig. 9 that with the instrument on the ground in its nor

mal operating configuration the total contribution from 
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5.3 Geometrical Sounding of Two Layered Earth (cont 1 d) 

all groun4 in excess of a depth of five meters is 34% 

whereas Fig. 10 shows that with the instrument lying 

on its side the ground in excess of five meters causes 

a total contribution of only 17.5% of the total response. 

This is the justification for stating earlier that the 

instrument has effectively one half the depth penetra

tion when lying on its side. Fig. 9 also contains a 

plot of the ratio R 1 /R and Fig. 10 a plot of the ratio 

(l-R 1 )/(l-R), both as a function of depth. 

Case 1. a
1 

and a
2 

comparable and a 1 known. It is 

shown in Appendix 1 that for this case 

a I 

a .. /, - 1 
al 

I 

R I ( Z) a a - al + Ra
1 

a - al a a 
RTZ) a 2 R' Rl 

a - 1 
al 

+ R'a 

thus given a;•, aa, and a 1 , R'/R is calculated; Fig. 9 

then gives the thickness of the upper layer as a function 

of R1 /R; with this thickness Fig. 9 or 10 is used to· 

determine R or R' and the second equation given above is 

used to determine a
2 

thus fully resolving the two layer 

case. 

Case 2. a 1 and a2 comparable and a2 known. In this 

case Appendix 1 shows that 

a I 

a 1 - I 

a2 a - a 2R a - a R 1 

a a a 2 1 - R' (Z) 
a 1 1 - R 1 R' a I 1 R(Z) 

1 -
a2 -I 

~L _______ _ 

1 
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5.3 Geo~etrical Sounding of Two Layered Earth (cont 1 d) 

Knowing a 1
, a , and a

2
, (l-R 1 }/(1-R} is calculated, 

a a 
Fig. 10 gives the thickness and given the thickness 

Fig. 9 or 10 gives R or R' so that the second equation 

given above is used to calculate a
1

. 

Case 3. Upper layer resistive. a
1 

much less than o
2

. 

In this case Appendix 1 shows that 

R' ( Z) 
R(Z) 

a ' a 
a a 

a 
2 

and the same proceedure as for Case 1 above is used to 

determine the thickness of the upper layer and the con

ductivity of the lower layer. 

.... 

I~ 
I 
! 
1 .... 

i 
l 
I 
IW" 
i . 
j-

1 .. 

Case 4. Upper layer conductive. o
1 

much greater than a
2

. \ 

Again Appendix 1 shows that ~~ 

1 - R' (Z) 
1 - R(Z) 

a I 

a 
a a 

a 
1 

a a ' a a 
r-:-R = 1-R~ 

and the calculations for Case 2 yield the thickness and 

the conductivity of the upper layer. 

To illustrate the above let it be assumed that th~ upper 

I layer is known to be 10 millimhos per meter and the EM31 

1 indicates 3.8 millimhos per meter when laying on the 

] ground in its normal configuration and 6.5 millimhos per 

I
. meter when lying on its side. Fig. 3, which also gives 

the correction factor to use when the instrument is lying 

on its side, shows that no correction is necessary. 
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Geometrical Sounding of Two-Layered Earth (cont 1 d) 

Since the instrument has been calibrated to be operated 

at one meter above the ground both of these numbers 

must be multiplied by .88 since the instrument is being 

used on the ground. This results in a = 3. 3 millimhos 
a 

per meter and a I 5.7 millimhos per meter. Then 
a 

(J . 
a l 5.7 

al 
- l 

R' (Z) TO 
R(Z) a 3.3 

0.64 
a l TO - l 

al 
-

whereupon Fig. 9 shows that the thickness of the upper 

layer is 1.25 meters and R(Z) = 0.825 whereupon 

a a - a 1 + Ra 1 
R 

3.3 - 10 + 0.825 X 10 
0.825 

1.9 

The technique ~or the other cases described above is 

exactly the sam~. 

The calculations described above assume that the earth is 

known to be two-layered. It is possible to determine whether 

this is true by measuring the apparent conductivity with 

the EM31 elevated to various heights above the ground and 

comparing the results with a family of curves given in 

Appendix II. If the measured variation of apparent con

ductivity with height matches one of the curves, one can 

immediately calculate the conductivity of both layers and 

the thickness of the upper layer, as described therein. 
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CASE HISTORIES: ELECTROMAGNETIC NON-CONTACTING GROUND 

RESISTIVITY MAPPING 

'T 6 .1 Introduction 

T 
I 

T 
! 

1 

1 
I 

! 

1 

l 

l 
.. T 

I 

l 

l 

This short note gives some illustrative examples of 

surveys that have been carried out using electromag

netic techniques to measure terrain resistivity. 

The instruments employed were the Geonics Limited EM31 

and a prototype version of the Geonics Limited EM34. 

Both instruments were calibrated to read terrain con

ductivity in millimhos per meter directly; however in 

some of the case histories illustrated in this note 

the measurements have been converted to resistivity 

in ohm-meters. 

Two features which often limit the usefulness of con

ventional ground resistivity surveys are their high 

cost and in some regions (granular material~ frozen 

ground) difficulties associated with generating suf

ficient current in the ground. The use of inductive 

electromagnetic techniques avoids both problems since 

ground probes are not required. This allows measure

ment over any type of terrain and greatly reduces the 

time to perform a survey. 

Basically the technique consists of energizing a small 

coil at an audio frequency and measuring the resultant 

total magnetic field from this coil and the ground 

with another coil a fixed distance away. Theoretical 

studies show that, if the intercoil spacing is main

tained at a small fraction of the electrical skin 

depth in the ground, all of the information about the 
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6.1 Introduction (cont'd) 

ground conductivity is in the qu~drature-phase response. 

Furthe£more, the qu~drature-phase response is essentially 

linearly related to ground conductivity, thus permitting 

an instrument design in which the output is calibrated 

to read conductivity (or resistivity) directly. Also 

under these conditions, the effective depth penetration 

of the system is determined by the intercoil spacing and 

is independent of skin depth and thus of ground conduc

tivity. This feature greatly simpli~ies interpretation 

of survey results. In order to vary the depth to which 

the resistivity is sensed one simp~y varies the intercoil 

spacing in analogy with conventional resistivity surveys. 

Conversely each survey carried out at a fixed intercoil 

spacing is essentially analogous to a survey carried out 

with conventional resistivity equipment at a fixed inter

probe spacing. 

The Geonics EM31 is a one-man portable instrument de

signed for·engineering geophysical applications down to 

depths of the order of six meters. The intercoil spacing 

is fixed at twelve feet (3.66 meters). The effective 

penetration referred to above is an average value; in 

those regions where a conductive medium is to be located 

beneath a resistive layer the penetration depth is sub

stantially larger. 

The prototype E~34 is O?erated at two intercoil spacings 

vis 50 and 100 feet, resulting in effective depth pene

trations of the order of 75 and 150 feet (25 to 50 meters) 

depending on the intercoil spacing employed for the 

particular survey. Operation of·the EM34 requires two 

men; however measurements are still taken virtually as 

fast as the team walks. 

-
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Introduction (cont'd) 

Most of the case histories in the technical note have 

been taken with the EM3l; however in some cases data 

from EM34 surveys are presented in order to further 

elucidate the fe~tures of inductive electromagnetic 

terrain resistivity mapping. 

Example A: Heart Lake, Ontario (EM31) 

Measurement Inte~val: 100 feet over till, 

10 feet over sand/gravel 

This survey line compares the results obtained with con

ventional resistivity equipment (Wenner array with "a" 

spacings of. 1 foot and 20 feet) and the Geonics EM31. 

It is seen that over the till, where the resistivity is 

slowly varying, the agreement between the two techniques 

is excellent. In the region shown as "sand and inter

bedded gravel" there was a good deal of concretion which 

caused the resistivity to vary greatly over short dis

tances and which accounts for the discrepancy between . 
the two techniques. Over the till the EM31 was read 

continuously however the data wa~ recorded, with one 

exception, at every 100 feet. The exception occurred at 

station 7+50 where it was noted that a local resistivity 

high occurred; this was of course not observed on the 

Wenner array since measurements were taken only at every 

100 feet. 

Example B: Sunnybrook Park (EM31, EM34) 

Measurement Interval: 100 feet 

This case ~istory shows measurements made with both the 

EM3l and the EM34 and illustrates the effective depth 

penetration of the two systems. The second sheet shows 

T __________________________________________ ~ 
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6.3 Example B: (cont'd) 

the results of expanding Wenner spreads at station 4+00 

and 12+00. At station 4+GO we would expect the EMJl to 

read approximately 40 ohm-meters and the EM34 50 to 60 

ohm-meters, which is the case. /\t station 12+00 the 

resistivity increases with depth and thus the EMJl should 

read a relatively low value and the EM34 a higher value 

which increases with intercoil S?acing. 

the case. 

6.4 Example C: Cavendish Test Site (EMJl) 

Measurement Interval: 50 feet 

This is indeed 

This survey·, which was carried out over line C to estab

lish the overb~rden resistivity shows that with the 

exception of the swamp area the overb~rden is extremely 

resistive. The value of resistivity obtained over the 

swamp is in good agreement with that from other measure

ments. The example also illustrates the performance of 

the instr~rnent over zones A & B, both of which are small 

highly conductive mineralized zones and cause the 

instrument to read off scale. 

6. 5 Examole D: Lake Scugog (ZM3l) 

Measurement Interval: 50 feet 

This survey illustrates the extremely high resolution 

achievable with the ~X31 or the EM34 systems since 

neither techniq~e requires electrical contact with the 

ground. Resolution in conductivity of the order of 3% 

or 4% is easily achieved and cornpletely repeatable as 

long as the terrain remains unchanged. The example also 

illustrates the speed with which a survey can be carried 

out. In this particular case 1.9 line miles of survey 
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6.5 Example 0: (cont'd) 

was performed in seventy minutes with a station interval 

of 50 feet. Furthermore since the measurements were 

actually taken continuously any unusual activity in the 

resistivity between stations would have been recorded. 

o .f. Example E: Cooksville/Mississauga, Ontario (EM31) 

Measurement Interval: 25 feet 

This example illustrates a survey carried out with the 

EX31 to search for a buried river channel. The channel, 

which is filled with glacia~ till, has been cut into the 

Dundas shale which, as seen from the example, has a 

resistivity. of the order of 25 to 30 ohm-meters. The 

total time to plot out the profiles shown in the figure 

was approximately 2~ hours, with a measurement interval 

of 25 feet. A shortcoming of the technique is seen on 

line 5, where a region was encountered which was so con

ductive that it was not possible to take readings. 

The second sheet illustrates the application of the two 

layer curves to interpret the survey results in terms 

of depth. 

~- 6.7 Example F:. Discontinuous Permafrost (EM31) 

r 
I 

r 

Measurement Interval: Variable 

These two examples were taken in Northern Canada and 

compare the results obtained with the EM31 with a medium 

frequency version o~ the Radiohm (Geonics EM16R) tech

nique operating at 250 kHz. The data interval is fairly 

coarse, nevertheless there is good agreement between the 

two techniques, which is ~articularly interesting in view 

of the fact that the current distribution in the ground 
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6.7 Example F: (cont.' d) 

is t?tally differe~t for the two systems. Furthermore ~ 

the EM31 operates at a frequency o!: approximately 40 kHz 
whereas the MF Radiohm operates at 250 kllz. 

6.8 Example G: Pre-glacial River Valley (EM31, EM34) 
Measurement Interval: 100 feet 

?~is survey was performed to outline a pre-glacial river 
valley whose existance had been suggested from water-well 
data. The survey was performed with the EM34 at a statio~ 

interval of 100 feet and with intercoil spacing of both 
50 and 100 feet. At either spacing the time required to 
complete the 8400 foot survey line was 1~ hours. The 
same line was subsequently surveyed with the EM31. 

Typical bedrock conductivity in the area is approximately 
_3~Lmillimho.s_pe_x_meter, whereas an average value for the 
conductivity of the infilling glacial till is of the order 
of 8 to 12 millimhos per meter. Thus the EM34 at either 
intercoil spacing yields approximately 30 to 34 millimhos 
per meter at the valley edges where the overburden is thin 
and 12 to 14 millimhos per meter at the valley center. 
The EM31 yields values of 14 to 18 millimhos per meter at 
the valleY. edges (slightly affected by the presence of 
bedrock) and approximately 10 millimhos per meter at the 
valley center. The interpreted depth of the valley, based 
on the model shown in the figure, is approximately 120 
feet which is in reasonable agreement with the water-well 
data value of 150 feet, bearing in mind that the three 
s~ts of data show that a two layer model is an over sim
plification. 

The conductivity high which occurs between station 32 and 
38 results from a very large pile of waste furnace ash 
lying.on the surface. 

-
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APPENDIX I - Formulae for Geometrical Sounding of 

Two-Layered Earth 

In the case of a two-layered earth the apparent 

conductivity is given by: 

1 - R + kR R(k - 1) + 1 

with the instrument on the ground in its normal 

operating position, and 

1 - R 1 + kR 1 R 1 (k - 1) + 1 

with the instrument on the ground on its side. 

~ Case 1. Therefore 

- 1 
R'. 
R 

- 1 

and from the first and/or second equations, with 

k = o 2 I o1 

0 

2 

oa - o1 + Ro 1 
R 

o 1 o + R1 o 
a - 1 1 

Rl 

~ Case 2. When the conductivity of the lower layer 

is known, from equations .(1) and (2) 

0 I 

a 
o - R1 o + R1 o 

1 1 2 
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( 3) 
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Case 2. (cont' d) 

1 - R I 
1 - R 

a
1 

- R'a
1 

+ R'a 2 - a 2 

(1- R') (a
1

- a
2

) 

- 1 

- 1 

a ' - a R' a 2 
1 - R' 

~Case 3. When the upper layer is resistive and a 2 
is much greater then a 1 , from equations (5) and (6) 

and 

a ' = a 
a R' 

2 

R' 
R 

a a 
R 

a ' a 
~ 
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( 6) 

( 7) 

( 8) 

(9) 

( 10) 

(11) 

( 12) 

(13) 

(14) 

( 15) 



EM31 MANUAL 

APPENDIX I - Cont'd 

r:case 4. When the upper layer is conductive and o 2 
is much less than o

1
, from equations (5) and (6) 

0 a 

0 ' a 

1 - R' 
1 R 

o
1
(1- R') 

0 a 

0 ' a 
0 

a 

r-::R 
0 ' a 

1 - R' 
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APPENDIX II - Determination of Two-Layered Earth Geometry 
by Varying Instrument Height 

The electrical conductivity of the earth often exhibits 

horizontal.layering and it is possible with the EM3l to 

determine how closely this layering can be approximated by 

a two-layered earth geometry. 

Suppose measurements made with the instrument on the ground 

have yielded different values of apparent conductivity when 

the instrument meter is {a) face-up (i.e. the instrument is 

in normal position), and (b) vertica~ (i.e. the instrument 

is lying on its side). As discussed in Section 5.3 had the 

value of apparent conductivity been the same in both posi

tions we would know that the earth was homogeneous, but 

the fact that the values are different for the two positions 

shows that the electrical conductivity varies with depth. 

We would now like to know whether the earth is two-layered. 

To determine this we make measurements of the apparent 

conductivity with the instrument at various heights above 

the ground, as measured by the distance between the ground 

and the nearest point of the white tube. It is suggested 

that measurements be made at increments at least as small 

as one-half meter, for an example at 0, 0.5, 1, and 1.5 

meters. Measurements made at smaller increments will yield 

greater accuracy, as will measurements made up to 2 meters 

height if possible. Measurements should be made both with 

the instrument in its normal position (meter face upright, 

i.e. vertical dipoles,) and with the instrument on its side 

(meter face vertical, horizontal dipoles) since it will be 

seen from the curves that the fall-off with height for these 

two configurations is quite different and that this differ

ence is therefore of considerable diagnostic value in 

determining the two-layered earth characteristic. It is 

important to make the measurements of height and apparent 

conductivity as accurately as possible. 
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The curves in the two figures show the variation of 

apparen~ conductivity (divided by upper layer conductivity) 

for instrument height varying from 0 to 2 meters and for 

five values of upper layer thickness vis. 0.5, 1.0, 1.5, 

2.0, and 3.0 meters. The relationship is shown for both 

vertical dipoles (meter face up, instrument in normal 

position) and horizontal dipoles (meter face vertical, 

instrument on its side} for various values of upper layer 

to lower layer conductivity contrast. 

To use the curves one proceeds as follows: 

(1) Place a piece of semi-transparent paper over either 

( 2) 

( 3) 

one of the graphs and on it plot the measured values 

of apparent conductivity versus instrument height to 

the scale used on the figures. Also sketch in on the 

transparent paper at any point a horizontal or vertical 

line to insure that when the transparent paper is 

translated over the figures in step 2 it does not 

rotate. 

TransLate the transparent paper vertically and hori

zontally (i.e. without rotation) across the various 

plots shown on the figures to see whether the data 

points can be matched to one of the curves. In the 

event that no satisfactory match is achieved the 

earth cannot be represented by a two-layered case. 

If a satisfactory match can be achieved, the parameters 

of the two-layered earth are immediately calculated as 

follows: suppose that the measured values of apparent 

conductivity with height are 

Height = 0.0 0.5 1.0 1.5 2.0 meters 

a a (EM3l upright) 20.7 20.7 19.3 17.1 14.1 mmho/!TI 

a' (EM31 a on side) 26.0 19.0 14.3 ll. 2 9.0 mmho/m 
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Upon plotting these data values to the scale of the figures 

and translating them we see that best agreement is achieved 

for an upper layer thickness of 1.5 meters and a conduc

tivity contrast k = 0.5. We further observe that the 

value of 20.7 millimhos per meter for a (instrument up-a . 

right) corresponds to a value of aa~a 1 of 0.62. 

Since a a 
a 1 

Since k 

0.62 when a 
a 

20.7 

20.7 
0.62 

33.4 mmho/m 

0.5 

0.5 X 33.4 16.7 mmho/m 

and t = l.5m from the figure. 

The two-layered earth is fully resolved. 

It will be observed that in some regions on these two 

figures the resolution or differentiat~on between the 

various curves is not very great. For example if one 

examines the curves for t = 1.0 meters, and k = 100, 50, 

or 20, one sees that these curve pairs are almost identi

cal. If the process described in step 3 is carried out 

for each of these conductivity contrasts the result of 

the calculations will show that the lower layer conductivity 

and the upper layer thickness are the same, regardless of 

which of the three curve pairs are used, and that the only 

calculated parameter that will vary will be the upper 

layer conductivity which is very small. This is an example 

of the well-known property of electromagnetic systems to 

accurately give both the distance to a good conductor and 
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the actual conductivity of the conductor but to poorly 

define the intervening resistive material. A problem in 

unambiguously matching the curves may also occur for 

larger values of upper layer thickness, where the thick

ness is sufficiently great to prevent accurate resolution 

of its value. 

These features notwithstanding it will be found that these 

curves are useful in (a) deciding whether the ground re

sembles a two-layer case and if so (b) giving a reasonably 

accurate estimate of the electrical parameters. 
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Appendix A-A2 

Dual Tube Reverse Circulation Air Rotary Drilling Methods 



DUAL-WALL REVERSE CIRCULATION OFFERS. 
HOW IT WORKS 

The reverse circulation rotary 
drilling method utilizes dual-wall 
pipe, top drive rotation and a side 
inlet for injecting the drillirrg 
fluid, air or both. 

When drilling with this system, 
the drilling fluid is forced down 
the outer annulus of the dual-wall 
pipe to the drill bit where it is 
then directed to the center of the 
pipe. The air or drilling fluid 
returns the cuttings via the inner 
pipe at velocities in excess of 
4,000 feet per minute. 

The reverse circulation rotary 
system uses flush-jointed drill 
pipe and a drill bit sub designed 
to fit snugly over the body of the 
drill bit. This unique design per
mits the bore hole to be cut VJith 
a minimum of clearance and so 
lessens the possibility of sample 
contamination. This configuration 
also minimizes the Joss of air or 
misting in vuggy or fractured for
mations and will maximize the 
geological sample recovery in 
adverse conditions; conditions 
that are nearly impossible for 
rotary or diamond drills. 

FOR HARD ROCK 
FORMATIONS 

When it becomes 
uneconomical to drill in hard for
mations with either a tricone or 
roller button bit, the dual-wall 
method can still be used to ad
vantage with a down-the-hole 
hammer drill. 

An interchange sub is screwed 
onto the top of the hammer drill 
and then the complete unit is 
screwed onto the dual-wall pipe. 
In this configuration, the 
rotating/percussion action of the 
drill cuts the sample which 
travels between the wall of the 
hole and the outer barrel of the 
hammer drill. As the sample 
moves up the length of the ham
mer drill it is directed into the in
terchange sub openings where it 
is air lifted to the surface through 
the inner pipe. 

~ ·. . 
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EFFICIENCY, VERSATILITY AND ECONOMY 
HOW LAYNE 
MAKES IT WORK FOR YOU 

Whether you call it the double· 
wall pipe system, rotary con
tinuous sample system or the 
dual-wall system, the results are 
the same ... Layne can provide 
you with a faster, less costly way 
to obtain the purest exploration 
samples possible. 

Uncontaminated Sampling 
Since rock and water samples do 
not come in contact with the bore 
hole, there is no contamination 
from the formation or erosion. In 
extreme high water bearing for
mations, down hole erosion may 
occur due to fractures or gravel 
formations. 

Faster Penetration 
With top head drive rotary drills, 
exploration proceeds up to 15 
times faster than with conven
tional core drills. 

Lower Operating Costs 
In some cases, costs have been 
reduced by 75%. Bit costs are 
generally lower and the job is 
completed in less drilling time. In 

addition, expensive drilling muds 
or additives are rar~ly used. 

Straighter Holes 
Flush-wall pipe with minimum 
clearance results in less deviation 
than with conventional drilling 
methods. 

No Surface Casing 
The outer pipe supports the bore 
hole while circulation is main
tained internally. 

No Lost Circulation 
Circulation is maintained even 
when drilling in vugs, fractures, 
voids and joints thus avoiding ex
pensive delays. 

Improved Well Design 
Better samples provide greater re· 
liability in well design, enhancing 
results. 

In-Place Water Sampling 
Many geologic environments are 
suitable for obtaining reliable· 
water samples from aquifer zones 
during drilling operations, 
eliminating the need for expen
sive packers or other methods of 
obtaining such samples. 
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TYPICAL SCENARIO 
FOR DUAL-WALL REVERSE CIRCULATION 

DRILLING AND BORING PROGRAM 

The general purpose for completing the soil boring is to provide detailed 

characterization of subsurface hdyrogeologic conditions within the surficial 

unconsolidated aquifer materials (soils above bedrock) and, at some locations, 

characterization of the bedrock surface. Specific program objectives include tne 

following: 

1. Obtain continuous soil samples for purposes of characterizing and 

classifying the stratigraphy of the unconsolidated soil materials overlying 

bedrock. · 

2. Determine the depth to bedrock and obtain samples of the underlying 

bedrock.· 

3. Obtain additional stratigraphic information for comparative purposes by 

gamma logging. 

4. Obtain representative ground water samples for contamir.ation field 

screening (by headspace GC analysis) at specified depths within the 

saturated soil column. 

The selection of the appropriate drilling method to meet these four objectives 

has been made with consideration of the following constraints: 

1. The drilling method must permit the collection of representative ground 

water samples at specified depth intervals for field laboratory screening 

for selected compounds. Therefore, the method must NOT introduce 

foreign liquids into the soil near the cutting edge of the drill stem, and 

~ust provide sufficient working area within the drill casing to lower a 

small pump for purging ground water or a bailer or similar device for the 

collection of a representative ground water sample .. 

2. The method must be capable of installing temporary casing to isolate 

separate aquifers if encountered during the drilling process. To be cost 

and time efficient, it should not be necessary to change drilling rigs or 

get involved in long changeover times with one rig to install this 

temporary casing. Implied in this constraint is the ability of the drilling 

method to continue to drill through the temporary casing. 

3. Upon reaching bedrock in the boring, the method must be capable of 

obtaining a core sample at least ten (1 0) feet in length of the bedrock. 

Again, cost and time efficiencies demand that one rig with a minimal 

changeover time be used. · 

4. Since there exists some possibility for encountering contaminated soils 

during drilling, the method must control any solids and fluids removed 

from the boring. 



After long consideration and evaluation of various drilling methods, and other 
options for the collection of subsurface samples, a procedure for drilling these 
borings has been identified. This procedure meets all of the defined objectives 
and operates within the constraints imposed by those objectives. 

The selected method is an air-rotary technique known as the Dual-Tube Reverse 
Circulation Method. This method consist~ of a water-tight steel casing or outer 
tube of approximately 4.5 inches in diameter. Within this outer tube there is an 
inner tube of 2.4 inches internal diameter. This inner tube is connected to the 
outer tube at specified intervals, leaving an annular space between the dual 
tubes. The lead casing of the inner tubes uses either a tri-cone rotary bit or 
an open-faced toothed bit for cutting soil materials. The relative positions of 
the two tubes are such that the leading edge of the bit is at the same depth 
or lags slightly behind the leading edge of the outer tube. High velocity 
compressed air, which is ·injected down· the annulus formed by the two tubes 
and through the bit, carries cuttings to the surface via the inner tube. Cuttings 
are conveyed to a cyclone where the air velocity is reduced, the air is ·
discharged out the top and the solids (soils) fall out the bottom. The high 
velocity of the ciir stream returns cuttings from depth to the surface with little 
discernable delay. When it is necessary to provide permanent casing within a 
boring to either isolate formations or to provide a cavity within which a 
monitoring well can be constructed, the dual-tube method requires the use of 
a separate casing, known as the overshot pipe. 

The overshot pipe is steel with an inside diameter of approximately five (5) 
inches. To install the overshot pipe, high pressure water and/or air and 
hydraulic pressure are used to jet the overshot around the dual-tube. At some 
sites, it can be anticipated that a confining layer separating water bearing units 
will be found at some depth. If contamination exists in the overlying water
bearing unit, it will be necessary to isolate the upper portion of the boring from 
the contamination so that contamination cannot migrate through the boring to 
the lower water-bearing unit as drilling proceeds. This would be accomplished 
by first using the dual-tube to drill to the confining layer. The overshot pipe 
would be advanced to the depth of the confining. layer and a seal would be 
made. Dual-tube methods would then be used to continue the boring through 
the confining layer and into the underlying formation(s). 

The dual-tube string, as mentioned above, has an inside diameter of 2.4 inches. 
This cavity is continuous from the top of casing through the bit if the open
faced toothed bit is used as the cutting tool. If coring of bedrock is necessary, 
it can be accomplished through the dual-tube string (with open-faced bit) using 
AQ coring equipment. AQ coring equipment has an outside diameter of 1.89 
inches and yields a core with an outside diameter of 1.062 inches. 

This description of the dual-tube method and equipment makes it clear as to 
why it is the selected method for .the soil borings. The dual-tube method 
provides continuous soil · samples (although not for heads pace . screening 
purposes), formation isolation capabilities and bedrock coring all from the same 
drilling rig. Other, less obvious advantages can also be found in the dual-tube 
method. These include: " 

-

-

-

-

-

-
-

-



1. Air discharge from the cyclone, if contaminated, can be directed well away 
from the work area with the use of a hose connected to the top of the 
cyclone. 

2. Soil discharge from the cyclone can be directed directly into a container, 
thereby controlling contamination (when present), and keeping the work. 
area clean. · 

3. Representative ground water samples can be collected from within the 
dual-tube. 

4. No foreign liquids are used during drilling. 

5. The method is very fast; at other locations In similar soils, 1 00-foot soil 
borings have been completed In a period of three hours or less. 

The disadvantages of the dual-tube method are no more restrictive than any 
other drilling method. Heaving liquified soils are always a problem when they 
enter the drill casing, and no drilling method can deal with them well. The only 
time soil heave is likely to occur Is when the air-flow is shut off to allow 
sampling of ground water.· Soil heave In this situation Is not a problem 
provided that it is recognized that the first cuttings returning when the air-flow 
is resumed are those that have heaved Into the casing. Another potential 
disadvantage of using the dual-tube as described above involves the need for 
the open-faced drill bit when bedrock coring will be required. Boulders 
approximately one-foot In diameter can •seat" themselves directly on the bit, 
making it virtually impossible to drill through. The tri-cone rotary bit will be 
used on all borings that will . not be coring bedrock. 
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Ground Water 
Sampling .by 

Dual Tube 
Drilling 

0 
ne of the most challeng
ing tasks facing the 
ground water profes
sional is evaluating the 
vertical distribution of 

subsurface contamination. Dual 
tube drilling methods allow the 
collection of ground water sam
ples with depth during drilling, 
and minimize cross-contamination 
while providing site-specific infor
mation within the borehole. 

Collecting ground water sam
ples with depth is useful not only 
in detecting the contamination, 
but also as a design tool for moni
toring systems. Multiple monitor
ing nests are often installed in the 
initial phase of a hydrogeologic in
vestigation in an attempt to evalu
ate the distribution of vertical con
tamination. 

A common problem which aris
es is the improper vertical place
ment of screened intervals, due to 
lack of existing site information. 
One approach to designing a mon
itor well network is the collection 
of ground water samples with 
depth during well installation. 

The use of screened hollow stem 
augers has proven to be very use-

OCTOBER 1988 

ful in this type of ground 
water sampling. However, the 
utility of the dual tube drilling 
method is quickly being un
derstood as an extremelv effi
cient and cost-eff~ctive 
method for determining spe
cific aquifer information from 
the collection of ground water 
samples with depth. 
Dual Tube Methods 

SOURCE: DRILL SYSTEMS INC. 

r-;;=== AIR DISCHARGE 
WITH GEOLOGIC.l.L 
MATERIAL 

.C 
ROT.l.RY DRIVE 

.... 

pipe is j~ined to the bit by a drill bit 
sub, and both are advanced simul
taneously (see figure 1 ). 

The drilling fluid, preferably air 
or mist, is forced down the outer 
annulus of the dual-walled pipe, 
and directed to the center of the 
pipe. The size of the borehole is 
such that there is a minimal clear
ance between the bit and the 
drilling pipe, which minimizes 
cross-contamination along the an
nulus of the borehole. 

The cuttings are discharged 
through the inner annulus to the 
surface within fractions of a sec
ond, allowing immediate determi
nation of the lithology. It also is 
important to note that formation 

(Continued on ne::rt page) 
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methods in the field, and I or I 
transported to a laboratory for 
analysis. It's best to collect at least 
two vials for each sample, to allow 
for sample breakage and unex
pected analytical duplicates. Ad
ditional samples can be collected 
for field screening, indicator pa
rameters (pH, specific conduc
tance, temperature) and additional 
laboratorv analvses. 

Sand & Gravel !:II 
615 DPb TCE I~U 
No PCE detee:ed 590 ppb TCE i~·"~·lfr 

: 0.1 cob TCE [ . 
1 

, TCE not deteced 

collection in 
order to insure 
a representative 
sample. Sand __ 1 _I 0.7 ppb PCE 

Sind & Gravel ~ 0.9 DP~ TCE 
: No PCE cetectea :' '~ PCE not tletecte:l 

When using a 
bailer, lower 
and raise the 
bailer slowly 
with a smooth 
motion to a void 
volatilization of 
potential con
taminants. 
When using a 
pump, don't 
allow the in
take line to ex
tend to the bot
tom of the 

Sand 

--· PCE not aetec:ed 
I I 3.2 DCtl iCE 

l II 
' Sand & Gravel c::. TCE not aetec:e:J 

4.0 PDtl TCE 
PCE not oetecred ij 
PCE nor cetected i II Pcr~~~ 

{l "'~,,.~, 790 ocb iCE 
11 I 7.5 ppb TCE 

3185 oco TCE tj 
15 p~o PCE ~ 2.2 cob TCE 

Bedrock PCE r.ar a~ec:ed 

I 

lSand 

: TCE not cetec:ed 
10.2 p~o ?CE 
I 
I 

I 
I 

LEGEND 
<:::::1 Saonolo calllclo~-. 

lllllllat•1111111111 

cuttings and ground water sam
ples don't come into contact with 
the overlying borehole materials. 

During drilling, ground water 
samples can be collected at select
ed intervals as the borehole is ad-
vanced. Due to the design of the 
system, ground water is allowed 
to enter only through the open 
bottom of the borehole. Thus, the 
sample collected is representative 
of the actual ground water in the 
formation at the open interval. 

Samples can be collected by low
ering a pump intake line or a bailer 
through the inner tube of the 
drilling column. Several volumes 
of water may be removed prior to 

~-~ 0.6 ~po PCE 

Bedrock 

drilling tools - rather, place the 
line several feet above the bottom. 

If possible, use a photoioniza
tion meter during drilling and 
sampling procedures, and screen 
the samples prior to submitting 
them to the laboratory. It's helpful 
to the lab if vou can estimate 
whether the sa~ple will have high 
or low detects of contaminants. 
High levels of contaminants when 
not expected can result in labora
tory equipment being shut down 
for davs in order to decontaminate 
the m~chines. 

Samples can be collected in 
VOA vials and immediatelv ana
lyzed by gas chromatog~aphy 

Properiy labe.l the sample bottles 
with the well number, samole 
depth, date and time. Samp'tes 
should be immediatelv stored on 
ice and warmed to roo.m temoera-
ture prior to analysis. • -

During the collection of ground 
water samples, stringent decon
tamination procedures should be 
followed. These include: 
• Washing the sampling equip
ment with laboratory-grade deter- I 
gent and several rinses with dis
tilled water between each sam ole. 
• Replacing the rope or tubing 

1

1 

after each sample collection. 
• Using gloves \vhen handling the I 
sampling equipment or bottles. 

It's important to note that in 1 
fine-grained formations, bridging 1 

of sand in the drilling tools rna y 
not allow the colleCtion of a 
ground water sample: 
Case Study 

A subsurface investigation was 
completed to determine the source 

Do's and Dont's for Collecting Samples I 

· Wherl Using Dual Tube Drilling 
• DO decontaminate the sampling 
equipment thoroughly between 
each sample. . 
• DO replace the bailer rope or 
plastic tubing between each sam
ple. 
• DON'T surge the bailer up and 
down. Lower and raise the bailer 
into the well slowly with a smooth 
motion to ensure a representative 
sample and to avoid volatilization 

14 GROL"ND WATER AGE 

of potential contaminants. 
• DO collect at least two vials for 
each sample to allow for sample 
bottle breaka·ge and unexpected 
analytical duplicates. · 
• DO use a field ionization meter 
to screen the samples before sub
mitting them to the laboratory. It 
will help if you can estimate if the 
sample will have high or low de
tects of contaminants. 

• DO label the samples immedi
atelY after collection. Place the 1 

samples on ice, complete the nec
essarv chain of custodv records 
and t~nsport the samp.les to the 
laboratory as soon as possible. 
• DO use cross-section maps in 
addition to tables to evaluate the 
results received from the use of 
vertical sampling with depth dur
ing drilling. ~ 
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and ~xtent of a trichloroethyl~ne 
<TCE) ground water contaminant 
plume. Several deep monitoring 
wells were installed at the site, 
using the dual tube m~thod. 

Water quality samples were col
lected at 20 foot intervals to a 
depth of 150 feet in order to deter
mir,e the variations in ground 
water quality with d~pth. 

Concentrations of contaminants 
were detected at two distinct 
depths within the aquifer, which 
may have been missed during the 
installation of a standard monitor
ing network due to improper ver
tical placement of screened inter
vals. Figure 2 shows the results of 
the samples which were collected 
from two of these wells during 
drilling. 

The contaminant plumes detect
ed during the investigation may 
have b~en missed during the in
stallation of a standard monitoring 
network due to improper place
ment of screened intervals. Figure 
3 shows the hypothetical place-

ment of a screen in coarse matt::rial ples was minimized. 

~>Verlying bedrock. Evaluating the vertical distribu-

However, in this case, the con- tion of contamination with depth 

taminant plume wasn't located di- is critical in determining the ap-

rectly above the bedrock, but propriate screen depths of moni-

rather tens of feet above it. The in- toring wells. The collection and 

stallation of a screen in the coarse analysis of ground water samples 

material would indicate a lack of with selected depths during 

contamination (as :.hown in the drilling provides the water profes-

~ ,~~~~-~ ..... sional with a definition 
!;:!; of ground water quality 

with vertical distance. 

A11 end section of rev.:rse circulation drill pipe. 

And the most efficient 
and cost-effective 
method of collecting 
ground water samples 
with depth is through 
the dual tube drilling 
method, which allows 
collection of the sam
ples at selected depths 

collection of the sample at depth 
in figure 2). 

In addition, concentrations of 
the contaminant in behveen these 
plume areas were minimal or 
nonexistent, insuring that cross
contamination between the sam-

while minimizing the chance of 
cross-contamination. :J 

Lori Huntoon Pencak is staff hydro -
geologist - project der;elopment for 
Geraghty {_ ... lvliller Inc., Milwaukee. 
WI. 

MUNICiPAL WELL 

:~~· .: -~-~ .:·-~--~~ .... ~··:··. :_ ~··. 
-~.......__. -· .... ···---~. 

Figure 3. Sp.:cific placement of monitoring wells is necessary to dt:tennine tl!t· extent of a contaminant plume. · 
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WARRANTY 

EDA Instruments Inc. warrants that at the time of shipment the goods shall bo 
free from defect In material and workmanship. Notice of any defect must be 
given to EOA Instruments Inc. in writing immediately upon discovery of any such 
defect and must be within the time of the warranty stated in the face hereof 
or if none stated within 1 year from the date of shipment of the goods by the 
purchaser. EDA Instruments Inc. obligations under this warranty are limited to 
the repair or replacement of the parts or materials which upon examination by 
EOA Instruments Inc. are established to be defective within this warranty and 
in no event shall the corporation's obligations under this warranty exceed the 
cost of the goods sold. For the purposes of repairing or replacing parts or material 
under this warranty the purchaser shall forward at its own risk and freight prepaid 
the goods to EDA Instruments Inc. This warranty ceases to apply to any goods 
altered or repaired by anyone other than EOA Instruments Inc or Its authorized 
representative. 

NOTE: EDA Instruments Inc., reserves the right to revise specifications in order 
to improve upon product performance without written notice. 

WARRANTY SERVICE 

When warranty service is required or when technical consultation is required, 
contact: 

In Canada and Internationally: 

EDAINSTRUM£NTSINC .. 
1 Thornclilfe Park Drive 
TORONTO, ONTARIO 
CANADA, M4H 1 G9 
Telephone: 14161425·7800 
TELEX: 06·23222 EDA TOR 

In U.S.A.: 

EDA INSTRUMENTS INC .. 
5151 Ward Road 
Wheat Ridge IDenverl 
Colorado 80033 
Telephone: 13031 422 9112 

NOTE TO USERS 

All rights strictly reserved. Reproduction or issue to third parties in any form 
whatsoever is not permitted without written authority from the proprietor. 

WARNING 

When 'the instrument requires servicing by the customer, EOA Instruments Inc., 
suggests that the service department of EDA be contacted first, because 
instrument withdrawal from the case may cause damage. 

IMPORTANT WARRANTY NOTE 

EDA Instruments Inc., reserves the right to null and void the warranty if and 
when it can be determined by specially trained personnel or an authorized agent 
that the instrument has been misused. 
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Figure 1·1 OMNIIV Tie-line Magnetometer 
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SECTION 1 

GENERAL INFORMATION 

1.1 SCOPE OF MANUAL 

This manual describes the OMNI IV Tie-Line Magnetometer designed and 

manufactured by EOA Instruments Inc., Toronto, Canada. The information is 

provided for personnel responsible for operation of the unit and should be read 

prior to operation and testing to obtain a full understanding of all of the features 

incorporated. Technical Specifications are given in Table 1-1. 

1.2 PURPOSE OF INSTRUMENT 

The OMNI IV is a portable, microprocessor-based total field magnetometer 

system which is capable of correcting its own field survey data for diurnal 

variations without the need of a base station. A measurement can be road and 

stored in only three seconds. The data is highly repeatable. A second reading 

is not usually required. 

The OMNIIV is a multi-purpose instrument designed to operate in four different 

functions or modes: 

a. Tie-line magnetometer 131. 

b. Portable field magnetometer 131. 

c. Recording base station magnetometer 141. 

d. Gradiometer 151. 

Software. The instrument function !model is predetermined by the software 

that is resident in EPROMs inside the instrument. The software cannot be changed 

by the operator. The level of the software installed by the manufacturer is 

identifiable on the instrument readout display as part of the serial number. The 

procedure for obtaining the software level display is described in the operation 

section. The software level identification number is shown in I I in a. through 

d. above. Software with a higher identification number also includes the software 

for the lower numbers. 

The primary purpose of this microprocessor-based instrument is to: 

measure and store the total earth's magnetic field; 

identify the location of that measurement by recording either the grid 

coordinates or a record number; 

record the time that the measurement was made. 

•123•31.03 8~ROIM9 1-1 



,., ....... . :·' -In addition, the OMNI IV can correct its own field measurements lor diurnal variations without the need of a base station, by utilizing either the tie-line or looping point method of survey. However. the instrument stores only the raw data; It does not store corrected data. Corrected data is fed to the instrument output connector during the data dump mode for recording in a peripheral computer or printer. The raw data is retained until the instrument is re-initialized 
even after corrected data has been computed. 

Data stored in memory Is completely protected by a lithium battery. This battery 
also powers the real-time clock. 

Field Measurement Accura~;.y. The following design features eliminate the need for taking multiple readings of poor instrument performance: 

• Patented signal processing technique. 
Constant energy polarization that maintains equal energy to the sensor for 
each measurement. 
Processing sensitivity to within ± 0.02 gamma. 
Automatic fine tuning which uses the previous reading as the basis for 
the next reading. 

Choice of Function. The choices are categorized In four functions associated with the resident software. However in each category, there are also numerous feature choices, based on operator preference. 

TIE-LINE MAGNETOMETER. In this mode, the OMNIIV is able to store raw data obtained using either the looping survey or tie-line survey method. This reference data is stored in a separate memory at the beginning of each survev. Then total field readings are taken and stored in another memory together with the repeat field readings at the tie-points. At the end of each survev day. the data in the two memories are merged so that the total field data is corrected for diurnal variations automatically. These corrected values are outputted from the instrument immediately lie, not stored). 

In the tie-line mode, the OMNI IV can store looping or tie-line data in any one 
of the following ways: 

• a. Using one base point for reference in the looping survey method. 

b. Using one tie line consisting of a number of tie-points for reference in the 
tie-line survey method. 

c. Using multiple tie lines for reference in the tie-line survey method. 

d. Using a random scattering of tie-points as reference. 
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The flexibility ollered allows the operator to choose the rnost appropriate tie· line method best suited for the survey, depending upon such factors as the size and character of the survey grid. For smaller survey areas the looping method is practical but for larger areas. tie-line references become necessary. The tie· line algorithms are based on a linear diurnal variation between adjacent tie points. Therefore the accuracy of the corrected data is a function of the time lapse between measurements at adjacent tie-points and any erratic behaviour of the diurnal variation during that same period. Typically, the time lapse should be less than 30 minutes. Using the multiple tie-line feature, the requirement for base station magnetometer recordings can be eliminated from some surveys. 

Up to 100 tie points can be stored in one survey area. Allernatively, these 100 tie points tan be divided into extensions of survey areas as needed. The tie point and tie-line measurements are stored for the duration of the survey. Tie-line data can be recalled even if stored on different days. However, raw field data can only be entered daily during a midnight-to-midnight period. 

The OMNI_IV can also calculate the drift between established tie points so that variations in the earth's magnetic field can be seen readily. Similarly, the OMNI IV can also calculate the desired diurnal drift measured between consecutive tie point readings. 

In the OMNI IV software. there is a programmable datum. A datum leg, 57,000 y) can be entered into the instrument. Then, when a reading is taken, this datum, which is a coarse background value. is subtracted from the reading. This provides a small value of the differences to facilitate plotting and interpretation of data. 

The tie-line capability is· also applicable when the instrument is used as a gradiometer. The operator can therefore obtain 'corrected' total field data using the linear diurnal variation algorithm without relating to base station magnetometer readings. 

PORTABLE FIELD MAGNETOMETER. In this rnode, the OMNIIV measures and stores the total field magnitude; time of measurement; grid coordinates; and direction of travel in the survey grid. It also computes and stores the statistical reading error, the signal strength and the rate of decay. The memory can store up to 1400 data blocks thereby eliminating the need to record data manually. Accumulated data can be dumped to printers. to magnetic cassette recorders or in parallel with a base station magnetometer to a computer. 
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The operator has a choice of three data storage modes: 

Spot record. Each reading is assigned a record number automatically. This 
can be used to identify readings which are taken at locations which do 

not correspond to survey grid coordinates. 
Multi record. More than one reading can bo 'taken at a survey grid 

·coordinate without updating the current station or line number. 
Auto record. These readings are taken automatically based on a 

preprogrammed time interval. 

The direction of travel is recorded using the primary cardinal points (N, S, E, 

WI and by increments in the position indication. 

The statistical error is calculated for each measurement based on an internal 
algorithm. The result of the calculation is displayed to provide the operator with·. 
an accuracy factor. From this it may be determined whether or not an additional 

reading will be required. 

Similar to the tie-line mode, the following features can be selected: 

If the last reading is unwanted. it can be cleared. 
• The difference between the current reading and previous reading is 

calculated automatically and can be displayed upon push-button command. 
A preprogrammed datum or coarse magnetic field value can be subtracted 
from each field data measurement to simplify plotting of field survey results. 

Diurnal corrections are calculated automatically. 

BASE STATION MAGNETOMETER. ln. the base station configuration, the OMNI 
IV measures and stores in Its memory the diurnal variations in the earth's magnetic 
field. The instrument is designed specifically to meet base station specifications 
for airborne and ground surveys. Readings are taken automatically based on an 
interval which is programmed by the operator. The interval can be varied from 
5 seconds to 60 minutes In 1 second increments. The memory has a capacity 
of 5000 data blocks. This provides a 7 hour capacity at the 5 second frequency. 

The data that is being stored can be outputted simultaneously in a digital or 

ASCII format to a choice of data collection systems. 

When the base station is connected in parallel with the compatible field 
magnetometer, it can correct and dump the total field measurements. The 
corrections made are for diurnal variations and reference field values. 

The magne\iC field activity is recorded in the following format: 

• Time of measurement. 
Total field magnitude. 

• Difference from the reference field value. 
• Difference from the previous reading. 
• Sequential record number. 
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The OMNI IV can also be programmed with a reference field value leg, 
57,000y). This 'bulk' value is then subtracted from each reading so that only 
a small but significant value (which is the variation between readings) is recorded. 

GRADIOMETER. When tho OMNIIV is programmed for use as a gradiometer, 
a dual sensor staff is connected. The sensors are incorporated in a staff with 
the sensors spaced vertically 0.5 m apart. The OMNI IV reads and stores the 
measurements of both sensors simultaneously, thereby providing a true measure 
of the total field and the gradient of the total rield. Simultaneous readings remove 
the elfects of diurnal variations and magnetic storm interferences from the data. 

The stored data includes: 

The gradient of the total field. 
The total magnetic field measured by the upper sensor. 
The time of measurement. 
The survey grid coodinates where the measurement was made. 
The statistical error of total field reading made by the lower sensor. 
The signal strength and decay rate measurement of the lower sensor. 

Using the tie-line method. or in conjunction with an OMNI IV base station, 

the total field measurements made by the upper sensor can be corrected for 
diurnal variation. Because the sensor readings are simultaneous, diurnal magnetic 
variations of the gradient measurements are cancelled. 

In the gradient modo, the OMNI IV has improved resolution of total field 
anomalies. Therefore it defines more sharply the magnetic responses determined 
by total field data. Closely spaced anomalies are delineated individually rather 
than being identified collectively as one broad magnetic response. There is also 

direct delineation of vertical contacts. 

Therefore, the OMNIIV is an ideal contact mapping tool especially in vertical 
or near vertical contacts or fault zones. These vertical contacts are depicted at 

the zero line of gradient contours or profile values. Vertical bodies analogous 
to a dyke can also be mapped effectively. The OMNI IV is also effective in 
enhancing anomalies near the surface. Any shallow source exhibits a higher 
frequency anomaly than a deeper low-frequency anomaly. This comparison can 

provide an on-the-spot approximation of the depth of the anomalous source. The 

capability of the OMNI IV to differentiate between higher and lower frequency 

responses removes background regional gradients from anomalous residual 
responses. 

The OMNIIV can be used in a combined gradient and base station operation. 

It can be programmed to cycle automatically every 5 seconds in the gradient 
mode. This fe_ature can be used in stationary or mobile applications. 
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The OMNI IV sensors are mounted in a sectional aluminum staff in which 
sections can be added or subtracted. Similarly. there are optional separations 
of the sensors of 0. 5 m or 1.0 m. These can be used to obtain interpretive 
information especially for surface anomalous conditions leg. determining if the 
field is linear or curved). 

1.3 FUNCTIONAL DESCRIPTION 

The OMNI IV Tie-line Magnetometer is a ruggedized compact portable 
instrument designed specifically "for field operation. The instrument is eKtremely 
accurate and flexible. It contains a microprocessor and associated circuitry ICPUI 
for monitoring, storing and processing data. Basically, the OMNI IV has two 
memories: One for storing data taken at a base reference point and along a tie 
line; the other for storing field measurements of the actual survey. 

The actual survey points would comprise an imaginary grid covering the survey 
area. In the tie-line application, one or more of those grid lines (or even selected 
grid points) are established as the tie line lor tie pointl references. Measurements 
of the earth's magnetic field are made, usually at the beginning of a survey, at 
each selected tie point. Then, field measurements are made at the survey grid 
intersection points including subsequent lie. repeat) readings at the tie-line points. 
Variations in the readings taken at a tie-line point provides a reading of the diurnal 
variation experienced at that point. These are used as the basis for computing 
the corrections for readings at adjacent survey points. In this computation for 
correction of readings, the variation between two readings at a tie point lie, the 
diurnal variation) is compared with the variation in the two readings at the 
previous tie point. The times that these variations were recorded are also 
recorded. Therefore. the diurnal variation associated with any intermediate survey 
point between two tie points can be computed with eKtrerne accuracy confidence 
and the correction can be applied to the reading taken. This computation is carried 
out within the instrument automatically without operator assistance. 

The algorithm assumes that the diurnal variation is linear with respect to time. 
This is usually valid if the interval between two readings at the same point is 
short lie. less than 30 minutes). It may be less accurate during periods of 
increased activity. For critical measurements. the base station method provides 
greater accuracy due to the time interval factor; however, the inaccuracy is a 
function of the distance from the base station to the point of measurement. 

The instrument performs all of the following functions initiated by pressure· 
sensitive push-button commands: 

a. It provides a visual readout of the total magnetic field amplitude. When 
the instrument is used as a gradiometer. it also provides a visual readout of the 
gradient of the total field. 

1 

b. -It provides a visual readout of the time and date of a measurement upon 
push-button command. 

t l { . 
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c. It provides a visual readout of the statistical error associated with the total 
field measurement upon push-button command. 

d. It assigns the grid coordinates of a measurement in terms of line and 
position numbers in the survey grid. 

e. It provides incremental update of the position and line numbers along a 
line including changes to the line and position spacing increments at any time. 

f. It provides the drift or difference in gammas between the previous and 
current field reading. 

g. It records all of the parameters, a through g, in memory by selecting one 
of three record keys. 

h. It assigns a record number to each total magnetic field measurement. This 
can be used instead of grid coordinates. 
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Phyaical Dimensions Wtlkgl: w x h x dlmml 

Instrument console only ............. 2.8: 238 x 150 >o. 250 

Battery belt ............................ 1. 2: 540 x 100 x 40 

(Alkaline I 
Battery cartridge ....................... 1.8: 235 x 105 x 90 

!Lead acidl 
Battery belt .. .. . . .. .. .. .. .. .. . .. . .. .. . .. • 1. 8: 540 x 1 00 x 40 

llead acidl 

Sensors 
Remote sensor ....................... 1.2: 
Gradient sensor 

0. 5 m separation (standard) .. 2.1: 
1.0 m separation (optional) ... 2.2: 

56 dia x 220 

56 dia x 790 
56 dia x 1290 

Environment 

Electronics 
Operating temperature range ... - 40°C to + 55°C 
Relative humidity ................... 0 to 100% lweather·proofl 

Sensor 
Temperature range ................. - 45°C to + 55°C 
Relative humidity ................... 0 to 100% lweather-proofl 

Standard Memory Capacity 

Total field or gradient 
Tie-line points ..................... .. 
Base station ............................ . 

Electronics 

RS-232C serial 1/0 .............. .. 

Electronic console ............... .. 

Power supply .............. .. 

1400 data blocks or sets of readings 
100 data blocks or sets of readings 
5000 data blocks or sets of readings 

2400 baud: 8 data bits: 2 stop bits; no 
parity 

Enclosure contains electronics and hat· 

tery pack Iii not contained in separate 
belli. Front panel includes liquid crystal 
display ILCDI, keypad and MODE 

selector. 

Internal battery pack or external battery 

belt; or + 12 V car battery if used as a 
base station. 

T~ble 1-1 Technical Summary 
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Specifications 

Dynamic range .................. .. 18,000 to 110,000 y. Roll-over display 
suppresses first significant digit upon 

exceeding 1 00,000 y. 

Processing sensitivity 
(total field) 

±0.02 y 

Statistical error resolution .......... 0.01 y 
Absolute accuracy .................... ± 1 y at 50,000 y at 23 °C. ± 2 y over 

total temperature range. 

Display resolution (total field) ..... 0. 1 y 

Tuning method ......................... Microprocessor calculates precise 
tuning. Value utilizing a specially
developed timing algorithm. 

Automatic fine tuning ................ ± 15% relative to ambient field of last 
stored total field value. 

Tracking range .......................... 18,000 to 110,000y 

Gradient tolerance ..................... 6,000 y per metre (field proven) 

Tuning indicator ........................ Descriptor on display ITUNEI 
commences to flash on and off. Audio 

. alarm activated also. !New field value 
must be entered into system.) 

Display .................................... Custom designed, ruggedized liquid 
crystal display with an operating 
temperature range of - 40°C to 
+ 55°C at 100% RH. The display 
contains six numeric digits, two decimal 
points. battery monitor. signal decay 

rate and signal amplitude monitor and 
function descriptors. 

Table 1-1 Technical Summary ICont) 
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SECTION 2 

PHYSICAL DESCRIPTION 

2.1 SYSTEM COMPLEMENT 

The instrument can be assembled in three configurations, with variations 

depending upon the type of sensor selected, the preferred power package and 

peripherals. 

The configuration complements are given in Table 2-1. 

STANDARD SYSTEM (Software Code 3). The basic configuration is for usc 

in total field, tie-line and looping applications. It comprises: 

a. A console which is carried on the chest and operated in that position. (Tho 

console includes a 1400 data block memory for field magnetometer applications.) 

b. A shoulder harness to support the console comfortably.so that both hands 

are free. 

c. A remote sensor which is complete with a 3m cable for attachment to 

the console. 

d. A sectionalized pole assembly (four, 60 em sections) which supports the 

sensor. 

e. A rechargeable battery cartridge. 

f. This system also includes a plug-in battery charger for use with 1 10 Vac 

or 220 Vac circuits, and an operation manual. 

BASE STATION CAPABILITY !Software Code 4). This option comprises a 

standard system plus the following: 

a. A standard console with a 1400 data block memory for field magnetometer 

applications and an enhancement of a 5000 data block memory for base station 

applications. 

b. A 28m base station cable extension so that the sensor can be located 

remote from the console (eg, console located in a shelter). 

c. A rope joiner. This joiner provides attachment points for securing the sensor 

and pole upright using non-metallic guy lines. 
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BASE STATION AND GRADIENT CAPABILITIES !Software Code 5). This option 

is the same as the standard configuration except for the following enhancements: 

a. A standard configuration with a 1400 data block memory for field readings 

and an enhancement of a 5000 data block memory when in the base station 

mode. 

b. The remote sensor is replaced by a dual sensor with the sensors spaced 

0.5 m apart. Optionally, the sensors can be spaced 1.0 m apart. 

System Peripherals and Accessories. Each of the configurations can be used 

with the peripherals listed in Table 2·1. An optional transit case is also available 

as an accessory for the console, sensor, sensor pole, battery pack and battery 

charger. 

2.2 COMPONENT DESCRIPTION 

Standard Instrument with Remote Sensor. The electronics console is carried 

on the chest with the instrument panel facing upwards. The console is supported 

in a dual shoulder·type harness. The sensor is mounted on a sectional pole, 2. 5 m 

long and connected to the console through a flexible cable. It is hand carried 

similar to a staff. 

Instrument with Gradient Sensor. Tho electronics console is carried on the chest 

with the instrument panel facing upwards. The console is supported in a dual 

shoulder·type harness. The gradient sensor comprises two sensors mounted 

vertically on the hand·held pole and separated by a distance of 0. 5 m (standard) 

or 1 m (optional). This permits simultaneous measurements horn each sensor. 

INSTRUMENTS CONSOLE. The primary electronics, data acquisition circuit, 

microprocessor and memories are built into a rectangular, aluminum, weather· 

proof case with. the instrument panel facing upwards. 

Display. Data and information is displayed on a custom·designed, ruggedized, 

liquid crystal display ILCDI which operates in temperatures ranging from - 40°C 

to + 55°C. The display includes a six·numeric digit readout, decimal point, battery 

status monitor, signal decay rate and signal amplitude monitor, and function 

descriptors. The internal heater is activated automatically at - 25°C during the 

survey. Make sure that the console MODE selector is set to OFF overnight if 

the temperature is expected to be below - 25°C. The OFF selection turns off 

the display heater. 

Operator Keys. The operator keys are grouped into two keypads located on 

each side of the LCD. The 12 keys on the left hand side are for programming 

the instrument. The 6 keys on tlie right hand side are for taking measurements 

and recording them. The key functions are described in Section 3. 
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Standard 
OMNIIV 

OMNI IV Console ~ 

Memory (1400 data blocks) ~ 

Memory 15000 data blocks) 

Remote Sensor 
PPX-326R 

Gradient Sensor 
(0. 5 m separation) 

PPX-528 

Gradient Sensor 
11.0 m separation) 

PPX· 

Pole Assembly 
14 x 60 em sections) 

PPX-360 

Cable Extension, 28m 

PPX-436 

Rope Joiner 
lguy rope attachment) 

PPX-457 

Battery Belt 
PPX-

Battery Cartridge 
(rechargeable, sealed, 

lead acid) 
PPX-365 

Battery Charger 
110/220 Vac 
PPX-255 

Operation Manual 

PPX-402 

~ 

~ 

~ 

Optional 

Optional 

~ 

OMNI IV with OMNI IV with 

Base Station Base Station 

Capability & Gradlometer 
Capabilities 

~ 

~ 

~ 

~ 

~ 

Optional 

... 

~ 

Optional 

Optional 

~ 

~ 

~ 

~ 

~ 

Optional 

~ 

~ 

~ 

~ 

Table 2·1 OMNI IV System Complements 
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Options and Accuaaorles: 

Thermal Printer lAC/DC) 
40 character 
DCU-400 

Thermal Printer lAC only) 
40 character 
OCU-040 

Dot Matrix Printer lAC only) 
80 character 
OCU-080 

Paper, Thermal Printer 
DCX-441 

Paper, 80 column fan fold 
OCX-445 

Communications Interface Adapter 
OCA-100 

Interconnect cable (data dump) for single OMNI IV 
OCX-442 

Interconnect cable (data correction to TRSB0/1 001, male 
I 1·020-003351 

Interconnect cable (data correction to printer), male 
OCX-443 

Interconnect. cable (data correction to Heathkit H-14 printer), female 
I 1·020:003301 

Interconnect cable (data correction to HP-85 option 01. male 
OCX-446 I 1·020-00335) 
Note: Female RS-232 serial interface connector. 

lntereonnect cable (data correction to HP-85 option 11, female 
OCX-446 I 1·020-003301 
Note: Male AS-232 serial interface connector. 

Interconnect cable (data correction to IBM PC), female 
OCX-44 7 I 1·020-003301 

Table 2·1 OMNI IV System Complements !Conti 
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Cable Connectors. There are two cable connectors located on the rear of the 
instrument lie. remote from the control panel). When the console is being used 
lie, chest mounted): 

The one on the operator's left side connects to the sensor. 

The one on the operator's right side is for data dumping. It is an RS-232C 
serial input-output connector. The interface parameters are: 2400 baud; 
8 data bits; 2 stop bits; no parity. 

REMOTE SENSOR. The sensor consists of two helical coils of copper wire 
connected in series in a noise-cancelling mode with at least 50 dB attenuation 
of external noise. The coils are immersed in a hydrocarbon-rich liquid inside a 
light-weight, leak-proof cylinder. The sensor cylinder is mounted inside a thin· 
wall fiberglas tube. The coils are positioned with their axes parallel to each other. 
The interconnections are carried through a cable, 3m long and terminated in 
a connector which interfaces with a connector on tho roar of tho OMNI IV. 

Remote Sensor Pole. This sensor pole consists of a sensing head mounted on 
a pole. The pole consists of four short rods which engage end to end so that 
the sensor is approximately 2.5 m above the ground. 

Dual Gradient Sensors. For the gradiometer application. two identical sensors 
are mounted vertically at the ends of a rigid fiberglas tube. In the standard 
configuration, the centres of the coils are spaced 0. 5 m apart. An optional 
configuration separates the coils by 1.0 m. Interconnections are carried through 
a cable, 3m long and terminated in a connector which interfaces with a connector 
on the rear of the OMNIIV. The sensor pole is the same as that used with the 
remote sensor. 

Base Station Sensor. The base station application can use either a standard 
remote sensor or a dual gradient sensor. The interconnection cable between the 
sensor(s) and the OMNIIV .can be 28m long. This allows the instrument to be 
located in an enclosure while the sensor is located outside. 

Base Station Sensor Pole. The sensor support pole is fitted with a rope joiner. 
This is a collar with anchor tie points for attaching three non-metallic guy ropes. 

Battery Cartridge Power Supply. Three types of power supply are available (a. 
and b. are optional; C. is standard): · 

a. A non-magnetic rechargeable battery pack with eight sealed lead acid cells. 

b. A non-magnetic rechargeable battery belt with eight sealed lead acid cells. 

c. An alkaline battery belt with 12 D size alkaline disposable power cells. 
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---Battery Belt. This is a webbed belt wilh a zip enclosure enclosed pouch. For 

the standard configuration, each system includes a battery belt for alkaline '0' 

size batteries. Optionally, the belt comes with sealed, lead-acid rechargeable 

batteries. The batteries are placed in protective packing inside the pouch. 

Interconnections between batteries are made intt:rnally so that there are two 

outputs: One Is the power output; the other is the battery charging and data 

dump connection. The power output cable is connected to a base plate which 

is similar in appearance to the battery pack which mounts on the base of the 

instrument. Therefore, when the base plate Is attached to the instrument, the 

battery connections to the instrument are completed. 

Battery Charger. Each system with the optional rechargeable batteries, includes 

a battery charger. MBC· 100 (Part No. PPX-2551 for use with the sealed lead 

acid battery pack. The batteries are recharged from a 110 Vac or 220 Vac source 

while the cartridge is located on the console, or in the belt. 

Ba .. Station Power Supply. In the base station mode, the OMNIIV can also 

be operated from an external 12 Vdc car battery. 

NOTE 

The characteristics of alkaline batteries require a program variation. For 

this reason, the second digit of the operator code is entered as a '9' leg, 

OP39NNI for alkaline batteries and any other digit for rechargeable 

batteries. · 

Alkaline Batteries. The use of alkaline batteries is now possible. Previously, 

they could not be used because the unit sees a low battery voltage during 

polarization. Until now this was interpreted as sealed lead-acid batt~ries which 

require charging to prevent damage to the batteries. To bypass this protection 

monitor, it is necessary to enter an OP·code that indicates alkaline batteries 

(which have much lower voltage during load). Enter a '9' as the second digit 

of the code, ie, OP39NN for the total field unit; OP49NN for base station unit. 

The second digit of the operator code must be a digit other than 9 if normal 

rechargeable batteries are used. This prevents damage to the rechargeable 

batteries. 

NOTE 

Alkaline batteries cannot be used when the unit is operated as a 

gradiometer. 
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SECTION 3 

PRINCII'LES OF OPERATION 

3.1 INTRODUCTION 

This section is confined to the principles of operation of the OMNI IV 

instrument. An explanation of the design concept and the derivation of constants 

used in the design concept are beyond the scope of this manual. 

3.2 PRINCIPLES 

The instrument includes a signal processing method which, for the first time, 

produces records which are meaningful statistically. 

The instrument performs the following functions: 

a. It makes an accurate measurement of the total magnetic field strength 

and processes the information to verily its accuracy. 

b. It stores the measurement together with various parameters including 

signal strength and rate of decay. 

c. It records location data so that each measurement can be identified in terms 

of geographical coordinates (or by record number) related to a precise ground 

location. 

d. It records the date and time at which each reading was taken. 

e. It records the type of data recorded, whether it is corrected or uncorrected 

data, operator identification number, number of readings taken, and voltages 

of battery. 

f. It provides visual readouts of parameters based on keypad commands, ie, 

datum to be subtracted. 

g. It produces data block header information which identifies both the 

operator and instrument used. 

h. It provides three data output formats, for hard copy print-out and digital 

data transmission. 

j. It performs built-in test programs which provide a high confidence level 

in field measurements. 
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-----Circuit operations, computer programs and data Jogging requirements which 
fulfill these functions are described in the following paragraphs. 

3.3 OPERATOR CONTROLS 

Upper Panel. Visual readouts are provided on a custom designed liquid crystal 
display (LCDI which is capable of operating in ambient temperatures from + 55°C 
to - 40°C. The display utilizes a special low temperature fluid which allows the 
display to be operated down to - 35°C. However, at this temperature, the 
response time is slow. A heater is built into the display. The heater circuit is 
controlled by a thermal relay so that it is turned on automatically when the 
ambient temperature is below - 25°C. This is to ensure a specific response time. 
When the unit Is turned off lie, MODE selector to Off), this heater circuit Is 
disconnected to conserve battery power and the automatic temperatura control 
Ia overridden. Therefore, in extreme temperatures, when the unit is not being 
used, it is recommended that it be stored inside, in the usual personnel 
accommodation environment to ensure that the display becomes operational with 
a minimum warm-up period. 

Mode Selector. The instrument operating mode is established by the setting 
of the MODE selector. The· measurements used in the self·correcting 
computations for survey measurements are recorded in the TIE mode. Survey 
measurements are made In the total field ITFMI mode. Survey gradient 
measurements, using dual (gradient) sensors, are made in the GRAD mode. 
Sequential measurements taken at the same time interval and at the same 
location, (ie, base station application), are made in the AUTO mode. Data block 
output occurs in the data dump (DUMP) mode. Data output in an analog profile 
plot format occurs in the program IPROGI mode. In the TEST mode, simulated 
field measurements are made and software diagnostics are performed. The OFF 
mode is used to power down the display heaters and electronics when the OMNI 
IV is not being used or during shipping. The memory and real-time clock is still 
intact in this mode. 

Keypads. There are two keypads; the left hand pad is lor programming the 
instrument; the right hand pad is for recording and modifying measurement and 
reference data. The keys are pressure sensitive push-buttons. The primary key 
functions which are parameter and command functions, are identified in black 
lettering leg, TIMEI. 

Nota 

The individual key functions are described in Part 4. 

3.4 Battery Power 

Field operations are carried out under a rigid computer-controlled program of 
conservation which maximizes the operational period between battery charging 
or replacement. This is accomplished during a brief, two second reading 

3·2 4123/31.03.85RO/M9A 

I t I l ( I I I t I 

sequence. Residual battery power is monitored lor every reading. The OMNI IV 
also has a unique feature called 'constant energy polarization'. The same amount 
of power is used to polarize the sensor for each reading regardless ol the stilte 
of depletion of the batteries. When the required amount of power is not available, 
a reading is prevented. 

3.5 Reading Sequence 

A reading sequence is started by operator command. This turns on the power 
and initiates the selected computer program. First, the computer is initialized, 
then the setting of the MODE selector is interpreted. II a total field measurement 
is being taken, the following programmed sequence occurs. 

a. Polarizing Cycle. 

b. Signal Analysis Cycle. 

c. Tuning Sequence. 

d. Display Cycle. 

Polarizing Cycle. During this period the sensor or sensors are energized. 

The OMNI IV magnetometers utilize the principle of constant energy 
polarization. Most instruments utilize a fixed polarization time regardless of the 
battery voltage. It can be demonstrated that with such a method, a 40% 
deterioration occurs in sensor signal strength rendering the instrument to be moro 
and more inaccurate (scatter phenomena). 

The microprocessor within the instrument computes the battery voltage during 
polarization and at a. specific point determines whether or not the polarization 
time should be increased. This method ensures that the sensor always receives 
the same amount of energy per unit of time. Although the performance is not 
linear, a significant improvement results even when the battery is approaching 
the depletion state. 

Signal Analysis Cycle. At the end of the sensor energizing period. the signal 
decay cycle occurs. The precession signal is monitored and the decay rate, 
analyzed. This precession signal is compared statistically to an optimized decay 
curve at 400 points along the curve. Computations are made and the results 
of the computations displayed as error. 

Tuning Sequence. Alter the signal analysis period, this new tuning value 
becomes the basis for the next reading. The measurement portion of the reading 
sequence occupies typically 2 seconds. 
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Display Cycle. The selected parameter is displayed on the liquid crystal display 

ILCDl for approximately 8.5 seconds. At that time. the audio circuits provide 

a sequence of beeps which indicate that the instrument will be shut down after 

another 8. 5 seconds unle11s the same command or another command is keyed. 

Note 

During this cycle. valid readings. location and time values are entered into 

scratch-pad memory as a data block. 

To summarize, a typical reading sequence terminates alter about 20 seconds. 

Then the computer turns off the power. 

3.6 Audio Circuits 

The instrument provides both visual and audio feedback. Every time that a 

key is pressed, an audio beep will be heard. Parameters are displayed for 8.5 

seconds only. The moment that this visual period has elapsed. the audio is 

activated to give repeated beeps for another 8.5 second period to indicate the 

end of the data block display period. If the operator fails to press any key during 

this warning period, the instrument turns off automatically. Every time ttlat a 

key Is pressed. a new 8.5 second period is initiated. This allows the operator 

to have enough time to evaluate and program data. The display period may be 

extended by pressing the same key or another key. However, selection of a 

different key initiates a different display response. 

3.7 Statistical Error Alarm 

Following each reading, the instrument computes the true statistical error of 

the total field reading. This value represents the confidence level of the data. 

A visual alarm may be triggered based on the following criteria: 

a. When the statistical error of a particular reading is equal to or larger than 

0.2 gamma. the least significant digit of the displayed total field flashes on and 

ott. For example, assume that the statistical error is 0.23 gamma and the 

displayed total field is: 57936.4. In this case, the 4 flashes on and off. Flashing 

the least signficant digit on and off indicates that the accuracy is impaired and 

the operator should be warned. 

b. • When the statistical error of a particular reading is equal to or larger than 

2.0 gammas, the two least significant digits of the displayed total field flash 

on and off. For example, assume that the statistical error is 2.3 gamma and the 

displayed total field is: 57936.4. In this case. the 6 and 4 flash on and off. 

Flashing the two least significant digits on and off indicates that the accuracy 

is badly impaired and an audio warning sounds to alert the operator. 

NOTE 

If the error is larger than 2.0 gammas, tal<e another reading. 
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3.8 Automatic Fine Tracking (Tuning) of Total Field 

The OMNIIV contains high technology circuits which allow for automatic fine 

tracking (tuning) over the entire field strength range from 18,000 to 110,000 

gammas, under computer control. An optimized tuning algorithm ensures that 

the system is tuned for optimum performance. 

Under normal operating conditions, a ± 15% capture tuning range from reading 

to reading is achieved. The capture tuning range is defined as tho diflerence 

between the previous and current readings relative to the previous reading. 

However, if a larger difference is computed, the instrument will warn the operator 

of this and further measurements are inhibited automatically. The warning is both 

visual and audible. The TUNE descrit,ltor located on the left hand side of the 

display flashes on and off and the audio alarm is enabled as well. The displayed 

total field reading also flashes on and off to inform the operator that the displayed 

value Is Invalid. The value displayed. however, is the previous total field value, 

and should be changed manually to reflect the new tuning field. 

3.9 SURVEY GRID 

When a total magnetic field survey is conducted, it is necessary to locate and 

record the ground position where each measurement is made. In the grid method, 

the operator usually follows a predetermined straight track and takes 

measurements at fixed intervals along that track. When the arbitrary end of the 

track is reached, the operator moves a fixed distance to the left or right of this 

track, then measurements are taken along a parallel track but moving in the 

opposite direction. 

The OMNIIV is designed to operate on a rigidly controlled grid similar to this. 

See Figure 3-1. The tracks which are followed are designated as lines and the 

locations along each line where a measurement is taken is designated as a position 

(station). The fixed distance between each position is defined as the position 

spacing and the distance between parallel lines is defined as the line spacing. 

Preparing the Grid Matrix. When a field measurement is taken. the line number 

and the position number along that line must be recorded together with the 

measurement to produce a meaningful record. This recording procedure is 

simplified by the computer. First the grid coordinates of the starting point are 

entered. These entries are in the form of a line number and a position number. 

Then the spacing intervals between lines and between positions are entered by 

the operator. Therefore, when a reading is taken, the line and position numbers 

are recorded automatically. At the next position along the line, the computer 

can update the position number by adding one position spacing increment to 

the previous position number. This can be accomplished automatically so that 

the new measurement record is identified by the original line number plus the 

updated position number. 
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When the end of a survey line has been reached, the line spacing interval is 
activated, (either positive or negative as shown in Figure 3·11, to set up the next 
line number. By the fact that the operator will now be proceeding in the opposite 
direction, the sign of the position spacing increment must be changed !toggled). 
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Figure 3·2 Diagram Showing Tie-Line Survey Method 

Correction of Survey Data. The self-correcting feature of the OMNI IV is based 
on using reference measurements obtained by a tie-line or looping method of 
correcting data. The correction process is accomplished rapidly and accurately 
using the internal microprocessor, a unique program algorithm and two separate 
memories. 

The procedure. is straightforward. 

a. At the beginning of the survey day, a total field reading is taken by the 
operator at a known and identified base reference point in the survey grid. This 
is the data and grid reference for either the tie-line or looping method for diurnal 
correction. The value, which is identified by grid coordinates and the time of 
the reading, is stored as a data block in a special memory. This special memory 
is accessed when the MODE selector is set to TIE. 

b. Tie-Line Method. See Figure 3-2. In this method, several coordinates in 
the survey grid are identified as tie points. Frequently, these tie points are selected 
along a grid line which passes through the base reference point. However, 
multiple tie lines or even a random scattering of tie points can be selected. 
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c. As soon as the base reference recording has been made, a total field reading 

is taken at each selected tie point in sequence. At the end of the sequence, a 

second recording is taken at the base reference point to close the loop. This step 

must be carried out in the shortest time possible to improve the correction 

accuracy. Each of these data blocks is stored in the tie memory file. 

d. Next, the tie point values are corrected diurnally to the base reference 

point. To achieve proper diurnal correction of each tie point value, the micro· 

processor computes by linear interpolation, the drift in the earth's magnetic field 

with respect to the time that each reading was taken. By distributing the drift 

in the earth's magnetic field and applying it to the times that the tie-point readings 

were taken, extremely accurate field results are computed for each tie point. 

e. Now the remainder of the survey can be conducted by collecting total field 

values at each coordinate In the survey grid. Each reading is stored as a data 

block in a separate memory called the field data memory file. This memory is 

accessed when the MODE selector Is set to TFM (tor total field magnetometers) 

or GRAD (for gradiometers). Each time that the operator arrives at a coordinate 

which has been designated as a tie point. the new reading is flagged in tho 

memory for calculating diurnal drift. The first and last reading of the survey during 

the day should be on any tie point, in the TFM or GRAD mode; or on the base 

reference point when the TIE mode is selected. 

f. At the end ol the survey day. the data stored in the tie -line memory file 

is merged with the field measurements stored in the field data memory file. The 

microprocessor then computes the variation in the earth's m<~gnctic field for each 

grid coordinate and corrects the field data file using the tie-line file. No manual 

computations are required. 
· 

g. Looping Method. See Figure 3·3. This method is similar to the tie-line 

method. However, instead of selecting numerous tie pnint references, only the 

base reference point is used. At the start of the survey. a data block is recorded 

at the base reference point with the MODE selector set to TIE, and stored in 

the tie-line memory file. 

h. During the survey, total field values are collected at each grid reference. 

Each reading is stored as a data block in the field data memory file. Then, at 

intervals within 30 to 60 minutes, the operator returns !loops back) to the base 

reference point and takes another reading. Each of the total field readings taken 

at the base reference point is stored as a data block in the tie-line memory file. 

j. At the end of the survey day. the base reference data stored in the tie-line 

memory lila is merged with the field measurements stored in the field data 

memory file. · 

k. The microprocessor computes by linear interpolation. the drift in the earth's 

magnetic field with respect to the t1111e that each b-3se reference point reading 

was taken. Then these corrections are applied to each re<Jding in the field data file. 
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Figure 3·3 . Diagram Showing Looping Survey Method 

3.10 BASE Sl A liON IAUTO·CYCLING) OPTION 

In addition to the self-correcting feature of its data using the tie·linc or looping 

method, the OMNIIV can also include a base station or auto-cycling option. The 

option enables the instrument to perform as a self-recording base station. This 

is most useful in locations such as Northern latitudes where more detailed 

monitoring of the earth's magnetic field is required. 

Auto Cycle. The base station OMNIIV is set up and remains stationary at the 

base reference station. When1he MODE selector is set to AUTO, the instrument 

takes readings at a preprogrammed time interval (adjustable from 5 seconds to 

60 minutes in 1 second increments). 

Survey Data Correction. In order to correct the total field data recorded in a 

separate OMNI IV, the total field magnetometer and the base station are 

interconnected through a cable. This cable is also connected to the external 

computer or printer. The data from the field unit is then read by the base station 

and the diurnal variation corrections computed within the base station 

magnetometer. The base station unit then sends the corrected field data to a 

printer or a computer. 
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4. 1 ARRANGEMENT 

SECTION 4 

OPERATION 

The electronic console includes: 

a. An operating·mode selector with eight positions. 

b. A programming keypad on the left side, with 12 pressure sensitive keys. 

c. A recording keypad on the right side, with 6 pressure sensitive keys. 

d. An LCD multi-function display with digital readout. 
I 

These are all that is necessary for operating and checking the instrument and / 
lor making field measurements. · 

NOTE 

(Reference: 1 y (gamma) .. 10- 5 gauss = 1nT lnanoTesslal.l 

4.2 DESCRIPTION OF SWITCHES AND INDICATORS 

The locations of the MODE selector positions, the programming and recording 
keypad push· buttons, are shown in Figures 4·1, 4·2 and 4·3 respectively. Their 
functions during normal operation are given in Tables 4·1, 4·2 and 4·3 
respectively. The liquid crystal display (LCD) is shown in Figure 4·4. The 
descriptions are explained in Table 4·4. 

4.3 MODE SELECTOR 

At the lower edge of the electronic console is an eight position mode selector. 
The selections permit field measurements, data retrieval, functional testing and 
battery power conservation. 

Figure 4·1 Mode Selector 
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Function 

This eight-position selector allows the instrument to be 

operated in several different modes lie, as a field mag, base 

station, or gradiometer). · 

The display heater circuit is disabled when the MODE 

selector is set to OFF. This prevents unnecessary power 

drain when the ambient temperature drops below - 25°C 

and the instrument is not scheduled lor use lor a period of 

time. 

NOTE 

The display heater circuit becomes ~mabled 

automatically when the temperature is below - 25°C 

and the MODE sel~ctor Is not set to OFF. 

In this mode. the unit may be tested by pressing the READ 

key. The instrument conducts a synthetic test to verify 

proper operation of the electronics and program software. 

The test result, which is a total test field expressed in 

gammas, appears on the display, (ie, 56369.7 GAMMA). 

The program memory is also subjected to a test. 

In· addition, when the ERROR key is pressed, proper 

operation of the mathematical statistical error routine is 

verified, (ie, LCD displays .00 GAMMA). 

In this mode, tie-line or looping data is taken and recorded 

in a separate memory. This becomes the baseline data which 

is recalled automatically and used by the microprocessor to 

correct survey readings taken later during the day of survey 

and in the TFM mode. 

For TIE. each data block stored in the separate memory 

contains: 
a. Time of reading (HH:MM:SS). 

b. Total field intensity. 

c. Statistical error analysis. 

d. Grid coordinates (line number, position number). 

e. Decay rate. 

f. Signal strength. 

Table 4·1 Mode Selector 
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Description 

TFM (Total 
Field Model 

GRAD 
(Vertical 
gradient) 
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Function 

NOTE 

( 

Tie-line data can be recalled even if stored on different 

days. 

This is the selection for normal operation during a survey. 

In this mode, the instrument may be operated normally to 

measure and store the total field intensity. 

For TFM, each data block stored in memory contains: 

a. Time of reading (HH:MM:SSI. 

b. Total field intensity. 

c. Statistical error analysis. 

d; Grid coordinates Uine number, position number). 

e. Decay rate. 

f. Signal strength. 

This is the gradiometer mode. In this position, two 

measurements are made: 

a. The total field intensity is measured using the top 

sensor. 

b. The gradient of the total field is calculated by taking 

simultaneous readings with both sensors separated by a 

distance of 0. 5 m or 1.0 m. 

For GRAD, each data block stored in memory contains: 

a. Time of reading (HH:MM:SSI. 

b. Total field intensity ltop sensor). 

c. Gradient measurement. 

d. Statistical error analysis. 

e. Grid coordinates (line number, position number). 

f. Decay rate. 

g. Signal strength. 

In the grad position, the instrument measures, calculates, 

displays and stores the vertical gradient, expressed in 

gammas gradient/metre. 

Tabla 4·1 Mode Selector, (Conti 

4-3 

I ~ 



Description 

AUTO 

DUMP 

PROG 

l I I 

Function 

This is the base station mode. In this mode, data is taken 
and accumulated in memory to monitor the earth's magnetic 
field at the base station location. Readings a1e taken at a 
preprogrammed interval. This interval can be varied from 
5 seconds to iO minutes in 1 second increments. Up to 
5000 data blocks can be stored in memory. Each data block 
contains: 

a. Time of read•nu IHH:MM:SSI. 
b. Total field intensity. 
c. Difference from the programmed reference field value. 
d. Difference from the previous reading lie, drift). 
e. Date of day. 

This position is applicable to all modes. In this mode, the 
data is retrieved from the protected memory using various 
access codes. The access codes format the data output 
required leg. field data, corrected data, gradient data. etc). 
In the data print·out, the grid coordinates can also be 
represented by compass directions lie. N, S, E and WI. 

This position is applicable to all modes. In this mode, data 
can be output in an analog profile plot format. Scaling of 
the profile plot is programmed through the keypads. This 
selection is ideal for presenting base station data to monitor 
the activity of the earth's magnetic field. This selection also 
outputs data in a fixed ASCII format for computer 
processing. 

Table 4·1 Mode Selector (Conti 
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4.4 KEYPADS 

The console is equipped with two custom-designed keypads: One for 
programming the instrument; the other for recording and modifying measurement 
and reference data. The keys are of the touch sensitive type, however, to activate 
a key some pressure must be applied. An audio tactile feedback system is 
incorporated so that when a key is pressed, an audio device produces a single 
short·period beep. The keypads are completely waterproof. 

Programming Keypad. This keypad contains 12 keys arranged in a matrix. Keys 
1. 2, 3, 5, 6, 9 and CLEAR have three levels; the OFF key has one level; and 
the remainder have two levels. 

a. The first level represents function parameters. These functions are printed 
in black lettering on a white background leg, TIME, ERROR, etc). 

b. The second level which consists primarily of numerics is printed in red 
on a white background. The CHANGE key on the recording keypad is the shift 
key from functions to numerics for the programming keypad. 

c. The third level also represents function parameters. These are also shown 
in black lettering on a white background between the function descriptor and 
numeric leg. DATE, DATUM and GRAD). 

The OFF key is single level with one function only. 

NOTE 

The first and third levels form a toggle type push-button. Consecutive 
operations of the push-button activates the alternate selection. 
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Key Function Key Function 

I 
TIME I 

When this key is pressed once, the actual time of day lie, 

DATE 24 hour real-time clock I will be displayed in hours, minutes 

, and seconds IHH:MM:SSI leg, 13:24:42). The time is not 

updated automatically on the display. The displayed time 

I FllLD I The FIELD and GRAD selections may be considered as a 

I GRAD toggle switch. When this key is pressed once, the total 

I 3 magnetic field reading will be displayed, expressed in 

gammas. 

relates to the time of a measurement. NOTE 

When the key is pressed a second time. the date will be 

displayed in year, month, day IYY:MM:DDI leg. 85:03:311. 

(The clock does not have leap year compensation. The year 

must be updated manually on Jan 1st.) When changing the 

date, the time must also be re-entered in order to enter the 

This key is used primarily for total field recall, because, 

in normal operation, the total field value will be 

displayed first automatically. 

new date in the real·time clock. This key may also be used for displaying the total field value 

When any displayed parameter requires changing and the 
when it requires changing whenever the instrument needs 

to be tuned. 

instrument is in the change mode lie. when the CHANGE 

key is pressed), the TIME key becomes a numeric key with 

a value of 1. 

When the GRAD mode is selected and this key is pressed, 

the display first indicates total magnetic field reading taken 

I E
RROR I When the key is pressed once, the statistical error will be 

DATUM displayed in gammas. with a resolution of 0.01 y. 

2 

by the upper sensor. When the key is .pressed again, it 

toggles to the GRAD selection and displays the vertical 

gradient automatically in gammas gradient/metre. The 

gradient display cannot be changed. 

NOTE When any displayed parameter requires changing and the 

The statistical error can only be displayed after the 

total field value has been displayed. Refer to FIELD 

instrument Is in the change mode lie. when the CHANGE 

key is pressed), the FIELD key becomes a numeric key with 

a value of 3. 

key operation. To display the statistical error. the 

ERROR key may be pressed at any time to obtain a 

first time display or for display recall purposes. 

When the key is pressed a second tirne. a datum value can 

be entered. The datum is then subtracted from the raw or 

corrected total field data when it is being dumped. 

( RE:ALL) This selection accesses data in memory to recall the total 

field readings entered previously. With RECALL selected 

keys 6 and 9 can be used to scroll the memory in order to 

display previous records. Key 9 decrements the record 

location; key 6 increments it. In recall. any stored parameter 

lie. date, time, line, position, error, total field, or gradient) 

When any displayed parameter requires changing and the 
can be displayed by pressing the appropriate function key. 

instrument is in the change mode lie, when the CHANGE NOTE 

key is pressed), the ERROR key becomes a numeric key with 

a value of 2. 
During recall, the decay and sensor descriptors will 

all be flashing to distinguish between parameters 

displayed in normal operation and those displayed in 

recall. 

Table 4·2 Programming Keypad Table 4-2 Programming Keypad (Conti 
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Key Function 

When any displayed parameter requires changing and the 
instrument is in the change mode lie, when the CHANGE 
key is pressed), the RECALL key becomes a numeric key 
with a value of 4. 

L0 When this key is pressed once. the change in reading 
between the two most recent readings is displayed. When 
the key is pressed again, it indicates the field variation 
between the two most recent tie points. 

When any displayed parameter requires changing and the 
instrument is in the change mode lie, when the CHANGE 
key is pressed), the DRIFT key becomes a numeric key with 
a value of 5. 

w When this key is pressed in the base station or tie-line mode, 
a programmable magnetic field value can be entered. This t 
value is then subtracted from the raw base station data to 
obtain the drift correction which is to be applied to the field 
data. The reference field is also used lor the drift correction 
if the unit is used as a tie·line magnetometer. 

When RECALL has been selected, this key Ill increments 
the memory location. When the key is held. it scrolls the 
memory in the fast forward direction. 

w When this key is pressed once, the current line number 
Uongitudel will be displayed. This is a lour digit number and 
can be either positive or negative. For example, a line to the 
west of the quadrant reference might display L- 0526. 

-
When any displayed parameter requires changing and the 
instrument is in the change mode lie, when the CHANGE 
key is pressed), the LINE key becomes a numeric key with 
a value of 7. 

~} 
When this key is pressed once. the current position or station 
number !latitude) will be displayed. This is a lour digit 
number and can be either positive or negative. For example, 
a position to the south of the quadrant reference might 
display P- 0085. 

Tabla 4-2 Programming Keypad ICont) 
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Function 

When any displayed parameter requires changing and the 
instrument is in the change mode lie. when the CHANGE 
key is pressed), the POS key becomes a numeric key with 
a value of 8. 

In field survey applications, lie, TIE, TFM or GRAD), this key 
initiates a display of the spacing between lines or positions. 

a. To obtain line spacing: 

(il The LINE key is pressed first. This causes the 
current line number to be displayed. 

(iii Next, the SPACING key is pressed to display the 
spacing increment between adjacent lines which has been 
set into the instrument memory. An example of a spacing 
display is INTV L- 0025. 

NOTE 

When line spacing is being displayed. the descriptor 
INTV (interval) appears on the left of the display. This 
enables the operator to differentiate between a line 
number display and a line spacing display. 

b. To obtain the position (station) spacing: 

(i) The POS key is pressed first. This causes the 
current p'bsition number to be displayed. 

Iii) Next, the SPACING key is pressed to display the 
spacing increment between adjacent positions which has 
been set into the instrument memory. An example of a 
spacing display is INTV P- 0025. This means that for each 
sequential field measurement, the grid position reading will 
change by -0025. Station spacing of 12.5 can be entered 
by keying in 0012. The display will show oo: 12 with both 
the decimal point and colon flashing to indicate that the .5 
is not being displayed. 

Tabla 4·2 Programming Keypad (Conti 
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Function 

NOTE 

When position spacing is being displayed, the 
descriptor INTV (interval) appears on the left. This 
enables the operator to differentiate between a 
position number display and a position spacing display. 

tn base station applications. lie. AUTO model. alter first 
pressing the TIME key, the SPACING key initiates display 
of the programmed sampling interval lie. set between 5 
seconds and 60 minutes I. Time spacing is also used lor the 
field magnetometer if synchronization is required between 
the base station and field units. II it is not required. this 
feature is disabled by entering 0000 lor the time spacing 
in the field unit. 

When RECALL has been selected, this key I II decrements 
the memory location. When the key is held. it scrolls the 
memory in the last backwards direction. 

When any displayed parameter requires changing and the 
instrument is in the change mode lie, when the CHANGE 
key is pressed), the SPACING key becomes a numeric key 
with a value of 9. 

The function of this ke~· is to update the displayed position 
number in the survey grid. When the UPDATE key is pressed 
and no parameter related to grid coordinates is displayed, 
as a default, the position number will be incremented or 
decremented automatically defined by the position spacing 
and sign. To update the previous position number. the 
operator may also press the POS key l.irst. The display will 
indicate the last stored position number. When the UPDATE 
key is pressed. the displayed position number is updated 
by the programmed position spacing increment. 

Consider the example in which the current position number 
in the grid is P- 0350; and the position spacing increment 
is INTV P-0015. 

Table 4·2 Programming Keypad (Conti 
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Function 

NOTE 

In terms of the grid reference, this implies that the 
operator is south of the zero position reference and 
is proceeding southwards along a grid line. If the POS 
key is pressed. P-0350 will be displayed. Then, when 
the UPDATE key is pressed, the spacing increment will 
beaddedtothis: lie, -0350-+ 1-00151 = -03651. 
The display then changes to P- 0365. This is the 
position number of the ordinate which is adjacent to 
the updated ordinate along the track. 

Consider another example with P 0575 lie, north of the 
zero reference line) and INTV P- oo: 12 lie, proceeding 
southwards). The updated position number becomes 
+0575+(-0012.51 = P 0562.5. This is displayed as 
P o5:s2. 

The procedure for updating the line number by adding the 
line spacing is the same provided that the current line 
number is displayed first. lie, press LINE prior to pressing 
the UPDATE key). It is evident that all four quadrants on 
the survey grid can be described accurately provided that 
the origin of the grid is in the centre. 

NOTE 

If the display is not indicating a position number or 
the position spacing when the UPDATE key is pressed 
once, the display will indicate automatically the 
updated position number on the grid as a default 
condition. 

When any displayed parameter requires changing and the 
instrument is in the change mode (ie, when the CHANGE 
key is pressed), the UPDATE key becomes a numeric key 
with a value of 0. 

Table 4·2 Programming Keypad (Conti 
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( CL:AR) 

G 

i I I 

Function 

In any of the manual measurement modes, lie, TIE, TFM or 

GRAD), if the RECALL key is pressed to display the most 

recent reading, then the CLEAR key is pressed. that reading 

is deleted from the memory. No other reading can be 

deleted. 

In the DATA DUMP mode, if the CLEAR key is pressed it 

clears the tie·line memory of all tie-line data if HP8888 is 

entered. 

When the instrument is in tho change mode lie, when the 

CHANGE key is pressed!. the CLEAR key becomes a 

mathematical key with a ± toggle application to change the 

sign. 

NOTE 

Only the negative sign is displayed. The positive sign 

Is replaced by a space or blank. 

When this key is pressed, it commands the instrument to 

turn off power. The power·down sequence is under 

computer control to ensure an organized shut-down. 

NOTE 

The OMNI IV shuts down automatically after 

appro~timately 20 seconds if no keys are pressed. The 

OFF may be used to override the normal 20 second 

display time-out period to conserve battery power any 

time. 

Table 4-2 Programming Keypad (Conti 

4·12 412l/31.0385ROoM9 

f f f I ( I I I 

Recording Keypad. This keypad contains 6 keys in a matri~t. The READ and 

AUTO·RECORD keys occupy the space of two square keypads. The READ key 

has black lettering on a bright red background. These keys are single level. The 

SPOT, MUL Tl and AUTO RECORD keys enable the operator to take a total field 

reading and record the data in a choice of three different ways depending upon 

the survey grid configuration established: 
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Figure 4-3 Recording Keypad 
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Key 

R 
E 
A 
D 

[ 
SPOT 1 

RECORD 

Function 

NOTE 

The SPOT RECORD. MUL T1 RECORD and AUTO 

RECORD keys are single level keys with a built-in 

safety mode. Each key has to be pressed twice before 

an action can bo initiated. Following a data dump 

sequence, and when the operator atlnrnpts to store 

the very first reading again using the SPOT RECORD, 

MUL Tl RECORD. or AUTO RECORD keys, the 

instrument will refuse to store the data block unless 

the software code plus an operator code number has 

been entered. 

When this key is pressed, it commands the instrument to 

turn on its power. First, the computer initializes itself, then 

the setting of the MODE selector is read. The computer 

program then proceeds with routines on the basis of the 

MODE selected. Then the OMNI IV takes a reading of the 

magnetic field and displays it on the LCD. This reading can 

then be stored using one of the three RECORD methods. 

In this record, the information is stored together with a 

record pointer number. There is no indication of the grid 

coordinates lie, line and position number). Following a data 

dump, the first spot record becomes 0001. This is 

incremented with each new reading. When SPOT RECORD 

is pressed once, the next record number is displayed. A 

typical display could be RP0052. IThe prefix designator RP 

means record pointer.) This RP number becomes assigned 

automatically to the data to be stored in memory. 

When the number is displayed. it allows the operator to 

record this number. on a map or chart for example, for cross

reference later when required. The new data will not be 

stored in memory yet. To store the data under the displayed 

record pointer, the SPOT RECORD key must be pressed a 

second time. In response, the instrument stores the data, 

then it switches itself off immediately. 

Table 4-3 Recording Keypad 
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(
MULTI 

RECORD 

r 
A 
u 
T 
0 

RECORD 
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Function 

This key is used to store many readings at one station 

without updating the station coordinates. The multiple 

entries are similar to the SPOT RECORD entry except that 

the coordinates are repeated. At the appropriate grid 

coordinates, the READ key must be pressed to obtain the 

total field reading. This reading is displayed on the LCD. 

When the MUL Tl RECORD key is pressed once, tho position 

number will be displayed and an audio beep is repeated until 

a follow-on key operation occurs, or the wait period times 

out. To store the data under the current grid coordinates, 

the MUL Tl RECORD key must be pressed a second time. 

In response, the instrument stores the data. then it switches 

itself off immediately. Repeat readings can be taken and 

stored by pressing READ. then MULTI RECORD twice. 

However, the data printout will show these readings keyed 

to the same grid coordinates lie, the coordinates do not 

Increment in this multi record mode). With the MODE 

selector set to TIE, this key functions in the same way, 

except that the default parameter displayed is the LINE 

instead of the POSITION. 

This key is used in two modes: Tie line measurements; and 

field survey measurements. 

a. When TIE is selected and a reading is taken, the line 

number is incremented automatically by the programmed 

position spacing increment. 

b. When TFM or GRAD is selected and a reading is 

taken, the position number is incremented automatically by 

the programmed line spacing increment. 

At the appropriate grid coordinates. the READ key must be 

pressed to obtain the total field reading. This reading is 

displayed on the LCD. When the AUTO RECORD key is 

pressed once, the line number will be displayed lin the TIE 

mode) and the pottition number will be displayed in the TFM 

or GRAD modes. At the same time an audio beep is repeated 

until a follow-on key operation occurs, or the wait period 

times out. To store the data under the current grid 

coordinates, the AUTO RECORD key must be pressed a 

second time. In response, the instrument stores the data, 

the position number ITFM or GRAD I or the line number (TIEl 

increments by the spacing increment, then it switches itself 

off immediately. 

Table 4·3 Recording Keypad (Conti 
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Key 

(CHANGE) 

B 

( ' 

Function 

NOTE 

If interaction is required to change the displayed 
coordinate, this can occur before the key is pressed 
for the second time because the data will not have 
been stored in memory yet. 

When the CHANGE key is pressed, two functions are 
initiated: 

Iii The keypad function keys are changed to the numeric 
value mode. 

(iii The values of the following parameters can be 
selected, displayed and changed individually: Time; date; 
total field, (for the purpose of tuning only); line number and 
line spacing; position number and position spacing; 9perator 
number; and confidential number. 

This key enters the desired numeric data into memory and 
returns the selected function key to the function lblackl 
level. This key can be pressed at any time, even while some 
digits are still flashing. When the audio warning is sounding 
and all digits are flashing, this key is disabled until alter the 
CHANGE key is pressed first to turn off the audio warning. 

Table 4·3 Recording Keypad (Conti 
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4.5 LIQUID CRYSTAL DISPLAY ILCD) 

The display is a custom-designed, ruggedized, high-quality, liquid crystal 
display. It utilizes a fluid which allows the display to be operated in temperatures 
as low as - 35°C without any heating. However, at - 30°C, there is already 
a significant segment turnover slow-down. A safety margin is provided by 
incorporating a heater system which becomes enabled at about - 25°C. During 
prolonged low temperature operation, the heater circuitry remains enabled even 
when the p·ower to the instrument is switched off, provided that the MODE 
selector is not set to OFF. 

NOTE 

When the ambient temperature is lower than - 25°C and the 
magnetometer Is not In use for a while, it is recommended that the MODE 
selector be set to th~ OFF position. This action prevents continuous battery 
power drain. The display comprises ten individual descriptors; three bar 
and wedge graphic indicators; and the primary numeric readout. The 
numeric readout consists of six digits; two colons which separate the digits 
into three pairs; and two individual decimal points which indicate tenths 
or hundredths. (Examples of displays are given throughout Tables 4·1 and 
4·2.) Refer to Figure 4·4 and Table 4-4. 

t:Dd , g~{B 3 0~ 3} GAMMA 
TIME gtg alb GRAD IN TV 
TEST BATT 
TUNE DECAY SENS 

c::=::::J 
ODD OOCJD DODD 

Figure 4-4 Liquid Crystal Display 
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Deacriptlon 

EDA logo 

TIME 

IN TV 

TEST 

TUNE 

GAMMA 

GR.A;D 

. ( 'I . { 

Function 

The letters EDA are displayed whenever the instrument is 

on. Ttu~ logo will commence to flash on and off during data 

dumping when the internal lithium battery system which is 

for emergency battery back-up, is depleted. When the logo 

starts to flash. the lithium battery must be replaced. 

NOTE 

EDA recommends that the internal lithium battery be 

replaced by EDA personnel. If this is not possible, 

consult EDA first. prior to changing the battery, to 

obtain instructions. The life of the lithium battery is 

estimated to be five years under normal conditions. 

The word TIME will be displayed when the TIME key is 

pressed once. This is accompanied by the six-digit local time 

display. When the TIME key is pressed a second time, the 

word TIME disappears and the date is displayed. 

The descriptor INTV (interval or spacing! will be displayed 

when the time interval, line or position spacing is displayed. 

The word TEST will be displayed when the MODE selector 

is set to the TEST position and the READ key is pressed. 

The word TUNE will be displayed in a flashing manner 

automatically when the instrument detects that the system 

requires tuning. Tuning is achieved by pressing the CHANGE 

key and entering a new value of total field which is close 

to the actual ambient total field value. 

The word GAMMA will be displayod when the actual total 

field measurement or the test field reading is displayed. The 

word also appears when the ERROR key is pressed. 

The word GRAD will be displayed when the MODE selector 

is set to the GRAD position. and the gradient is displayed 

by pressing the FIELD/GRAD key. The word GRAD will also 

be displayed if the error of the gradient (lower) sensor is 

displayed. 

Table 4-4 Liquid Crystal Display 
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Description Function 

BATT The word BATT will be displayed during normal operation. 

It indicates that adequate power remains in the battery 

system. When BATT commences to flash on and off, the 

operator is warned that the battery is approaching the 

discharged condition rapidly. When the audio alarm is 

activated, the battery must be changed or charged. No 

further readings are possible. 

The battery monitor comprises the BATT desc'riptor. a 

rectangle and three wedge-shaped bars. With a fully charged 

battery system, ali three bars are displayed. Gradually, after 

many readings, the residual battery power decreases. This 

is indicated when the left haod bar disappears. With 

continued battery discharge, the second bar disappears, 

followed eventually by the third bar. When this condition 

occurs, the battery is almost depleted. Therefore, it is 

recommended that the battery system be recharged or 

replaced when the BAn descriptor commences to flash on 

and off. The instrument inhibits any further readings when 

the BATI descriptor flashes and the audio alarm is actuated. 

DECAY The word DECAY will be displayed during normal operation. 

When the word commences to flash on and off, it indicates 

that the decay rate of the precession signal is too fast due 

to large local gradients. 

NOTE 

A possible way to reduce the effect of the large local 

gradient is to raise the sensor. 

The precession signal decay rate monitor comprises the 

DECAY descriptor, a rectangle and four wedge-shaped bars. 

Every time that a reading is taken, the computer calculates 

the actual decay rate. This is an important parameter 

because it reveals the degree of gradient tolerance. When 

the decay rate is too fast due to large local gradients, the 

accuracy of the measurement is impaired to some degree. 

The statistical error value reveals this immediately. Ali four 

Table 4-4 Liquid Crystal Display (Conti 
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Description 

SENS. 

( I ( 

Function 

wedge shaped bars will be displayed when a normal decay 

rate is computed. When the operator gradually approaches 
a large local gradient. the computed decay rate increases, 
and the wedge-shaped bars may gradually disappear in 
sequence, from the left until the decay rate is too fast for 
proper signal processing. When this occurs, the DECAY 
descriptor commences to flash on and off and completion 
of the reading is inhibited. The reading is aborted and the 
TUNE descriptor flashes on and off. 

The word SENS will be displayed during normal operation. 
When the word commences to flash on and off. it indicates 
that the starting amplitude of the precession signal is below 

the minimum acceptable threshold. This condition may 

occur when: 

a. The sensor is damaged (fluid in sensor is gonel. 

b. A very large local gradient is encountered. 

c. Sensor is not properly aligned, especially in areas 

where the total field vector inclination angle is less than 45°. 

The sensor signal monitor comp1ises the SENS descriptors, 
a rectangle and four wedge-shaped bars. Every time that 
a reading is taken, the computer calculates the actual 
starting amplitude of the precession signal derived from the 
sensor. This monitor may be used to ensure that the sensor 
is aligned properly with magnetic North. 

When the signal amplitude is normal and above a pre-defined 
threshold, all four wedge-shaped bars are displayed. If the 

calculated amplitude decreases, the bars disappear in 
sequence from the left until the amplitude does not meet 

the minimum threshold level. When this occurs, the SENS 
descriptor commences to flash on and off. 

Table 4-4 Liquid Crystal Display (Conti 
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4.6 PREPARATION FOR USE 

Unpacking. Remove all compontents from the shipping containerlsl and check 

the contents against the Packing Slip/Release Note. Report any shortages or 
damage immediately to EDA Instruments Inc. 

Battery Packs. There are two battery configurations with various battery types. 

Refer to Table 2-1. One battery pack attaches directly to the underside of tho 

instrument so that it is an integral part when the instrument is chest mounted. 

Another battery arrangement has the batteries in a wide web belt which is 

attached around the waist. The connecting cable for the belt pack terminates 

in a base plate which is similar in appearance to the integral battery pack. 

a. Secure the battery pack (or the belt connector base plate) to the base of 

the console. Align the contact springs in the pack with the conductive discs in 

the base of the console. (Note: The plate can be installed with the attaching 
screws at either end.) 

b. Tighten the four captive screws in the plate finger tight. 

c. Buckle the pack around the waist and adjust by tightening the strap. 

Console. The instrument console is carried on the chest and secured by a dual 
shoulder harness. 

a. Attach the harness to the instrument then adjust the straps so that the 
console is at a suitable viewing and operating height. 

Sensor. There are two connectors on the base of the instrument: The one 

adjacent to the left hand when the Instrument is chest mounted is for the sensor 

cable: the one adjacent to the right hand is for the computer or printer interface 
cable used to dump data. 

a. Attach the cable to the left hand connector. The connector is keyed (ie. 

centre pin blocked) so that the sensor will only mate with one connector. 

b. Mount the sensor on the top section of the pole or staff. The end terminates 
in a tapered, threaded adapter. 

c. Connect the other pole sections in series with the white plastic end tip 
at the base of the pole. 

Operating Stance. To take field measurements, hold the sensor pole vertically 

at arm's length away from the console. Then operate the appropriate keys. 
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4.7 OPERATING PRECAUTIONS AND GUIDELINES 

0 Metallic Objects. Prior to using the OMNIIV. remove all magnetic material 

from the body; (To check for the presence of such materials. take two sample 

readings without moving the sensor. Press the READ key, then press the FIELD 

key. Take one reading while standing near the sensor. and the other reading at 

some distance from the sensor. If there is no change in the readings. there is 

no magnetic material present. Do not store the readings.) 

0 Survey Log. Maintain a notebook record during the survey. Annotate all 

errors and deviations from the usual numbering sequence. SPOT records, etc. 

Record the locations of roads. fences. pipes, houses. Without clear records, 

numbering errors are nearly impossible to recover. 

0 Survey Grid. Maintain a constant check on the surveyed line and station 

locations. It is very easy to update position numbers inadvertently. especially 

when taking multiple readings at a station. It is much more difficult to correct 

these errors once they are stored in memory. Do not let errors propogate. 

0 Ensure that four-digit line numbers and position numbers describe all station 

coordinates adequately including fill-ins. 

0 Spot Records. Use spot records to delinlit erroneous records. For example, 

if several station recordings have been taken erroneously, take a spot record 

before resuming the proper sequence. Annotate this reading in the log notebook 

together with a descr.iption of the problem. 

0 Time Clock. Synchronize the instrument clocks daily. Drift is ± 1 sec per 

24 hours. Make sure that the date is the same on both instruments. 

0 Base Stations. When a base station intrument is being used. revisit the 

base station once a day to verify that it is cycling. Wait lor the period to time 

out to verify that it is functioning. If it has stopped, it should restart by pressing 

the READ key. If the fault repeats, re·initialize the unit. 

0 When an operator returns to the base station at the end of the day, if the 

base station instrument has shut down. be sure to take some readings as follows: 

a. Wait for cycling interval to time out before deciding that the base station 

unit has shut down. 

b. Set the MODE selector to TFM. 

c. Take several readings and store them. 
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0 Initialization. Read and understand the initialization procedure for field 

operations. 

~ 
Never initialize the OMNI IV when it contains valid stored data. This will 

clear the memory. 

0 Performance Monitoring. Observe the DECAY and SENS wedged-shaped 

bars on the LCD continually, because these give a quick indication of a 

malfunction. It is possible to observe factors which are degraded severely in areas 

of high magnetic gradient; so much so, that it may be impossible to store the 

reading. 

0 Battery Duration. A fully charged belt pack will provide power all day (2. 5 

amp-hours) if total field data is collected, or 6 hours if gradient data is collected. 

Twelve disposable D cells will provide 5 amp-hours of power which is good for 

up to 3 days of survey based on 1500 to 2000 readings per day. If a battery 

does not have sufficient power to achieve constant sensor polarization. the 

OMNI IV shuts down. If the OMNIIV completes a reading, then that reading can 

be considered good regardless of the indication of the BATT wedge-shaped bars. 

4.8 OPERATING PROCEDURES 

~ 
At all times, ensure that no device other than the sensor cable is connected 

to the sensor connector on the OMNIIV. The data dump connector is not 

capped, therefore, ensure that dirt or contaminant does not damage it. 

Similar to most microprocessor-oriented systems, operating procedures are 

primarily at the discretion of the operator. Keypad control provides the flexibility 

feature which is only limited by operator ingenuity. 

An example grid survey is summarized in Appendix A. In the following 

paragraphs, the following operating topics are discussed: 

General Pr_ocedures (para 4. 8.1 ). 

Starting the Unit (para 4.8.2). 

Changing a Parameter '(para 4.8.3). 
TEST Mode (para 4.8.4). 
Total Field Test (para 4.8.5). 

Error Calculation Test (para 4.8.61. 
Software Diagnostics (para 4.8. 7). 
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Making Initial Total field Measurements (para 4.8.8). 
Statistical Error Evaluation !para 4.8.9). 

PRE-SURVEY PROCEDURES (para 4.9). 
Identifying the lnstruruent (para 4.10). 
Erasing the Previous Day's Survey Data (para 4. 11). 
Initializing the OMNI IV (para 4. 121. 

Tie-line Memory (para 4. 12. 1). 
Field Memory (para 4.12.21. 
Initializing the Field Memory (para 4. 12.31. 
Initializing the Tie-line Memory (para 4. 12.41. 
Starting'the Base Station Magnetometer (para 4.12.51. 
Starting the Gradiometer (para 4.12.61. 

Pre-Survey Programming {para 4. 131. 
Real-Time Clock (para 4. 13. 11. 
Reading Synchronization (para 4. 13. 21. 

SYSTEM TUNING (Prior to Survey) !para 4. 141. 
Retrieval of last Previously Stored Total Field Value (para 4. 14. 1). 
Tuning the OMNI IV (para 4. 14.21. 
Incomprehensible Displays (para 4. 14.31. 

SYSTEM TUNING {During a Survey) {para 4. 151. 
large Gradients !para 4. 15.1 I. 

PREPARING THE SURVEY GRID PROFILE !para 4. 161. 
Survey Track (para 4. 16. 11. 

SETTING UP A TIE LINE (para 4. 171. 
Extending the Tie Point Grid (para 4.17.11. 
Displaying the Tie Poiflt Drift lpara 4. 17.21. 

SETTING UP A LOOP SURVEY (para 4. 181. 
FIELD MEASUREMENTS (para 4. 191. 
Erasing Field Data Records (para 4.201. 
Choosing Recording Format (para 4. 211. 
Skipping Stations !para 4.221. 
Intermediate Points (para 4.231. 
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4.8. 1 General Procedures. The following procedures apply to keying 
operations which can be carried out at any time, and do not necessarily relate 
to specific survey procedures. These procedures also apply to the OMNI IV 
regardless of the software level lie, field mag, base station and gradiometerl. 

4.8.2 Starting the Unit. When a charged battery is connected, the OMNI IV 
is ready to operate. 

a. Set the MODE selector to the required position. 

b. Press the READ key. This turns on the power to the system. 

4.8.3 Changing a Parameter. Whenever a parameter key is pressed, the stored 
value of that parameter willapppear on the display. To change a parameter value 
(such as TIME, DATE, LINE, POS,LINE SPACING, POS SPACING, or TUNING): 

a. Press the parameter key leg, TIME). 

b. Then press the CHANGE key. This causes the displayed value to flash on 
and off, indicating that the value may now be changed. 

c. If it is applicable to the value, press the + 1- key. 

d. Press the required· numeric keys in sequence from left to right to make 
up the new number. 

NOTE 

As each digit is entered. the numeric stops flashing. 

e. When the new parameter value is being displayed, verify its accuracy, then 
press the ENTER key. The new value then enters the OMNI IV memory. 

f. Press the parameter key again and verify on the display that the correct 
value has been entered and stored. 

NOTE 

If a keying error occurs when entering the numerics, press the CHANGE 
key again. 
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4.8.4 TEST Mode. The OMNIIV circuitry and software includes a built·in test 
capability which confirms the validity of field measurements, data acquisition 
and record processing. The follo.wing tests are available: 

a. Total field test. 

b. Error calculation test. 

c. Software diagnostics. 

NOTE 

1. Repeated test readings performed under c. allow for hard-copy 
verification that the OMNI IV is operating properly. 

2. About 85% of the OMNI IV electronics is tested in the TEST mode. 

3. These tests may be repeated several times with the OMNI IV in any 
position to verify repeatability. Once repeatability has been confirmed, the 
OMNIIV is now ready to be used for a survey provided that certain survey 
grid parameters (or base station recording Interval) are pre-programmed 
Into the memory. At random intervals during a survey, the total field test 
and error calculation test may be repeated to verify that the OMNI IV is 
operating properly during the actual survey. 

4.8.5 Total Field Test. Proceed as follows: 

a. Set the MODE selector to TEST, then press the READ key. On the display, 
the EDA logo and GAMMA descriptor will appear. Also the word TEST will flash 

on and off. 

b. The OMNIIV will take a synthetic reading and complete a total field test. 
The display will indicate a six·digit numeric value which represents the test total 
field. The displayed field value is 56369.7 GAMMA. 

NOTE 

As·a result of this test, there is an 80o/o probability that the OMNIIV will 

operate satisfactorily. 

4.8.6 Error Calculation Test. This·is a total field (or gradient) error calculation 

test. Proceed as follows: 

a. Leave the MODE selector on TEST. 

b. Press the ERROR key once. The display must indicate a value of .00 

GAMMA. 
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c. For gradiometers, lie, software 5), press the GRAD key once. The display 
must indicate a value of .0 GAMMA GRAD. 

d. Press the ERROR key once. The display must indicate a value of .00 
GAMMA GRAD. 

4.8. 7 Software Diagnostics. A feature is included whereby the OMNI IV 
executes a complete verilication program of the stored data by computing and 
storing the check sum pertaining to a data block. This feature enhances stored 
data validity. The check sum verilication program checks if there arc any sudden 
problems in the stored program memory. 

The program memory diagnostics program is initiated in the DUMP mode. 
Proceed as follows for the DUMP mode: 

a. Set the MODE selector to DUMP. 

b. Press the READ key. Observe the display. The display indicates: NNNNNN 
lie, a six digit number. Refer to para 4.10 for interpretation). 

Note 

For this test, it is necessary to know the unit serial number. 

c. If the value during the display is correct. the program memory is 
satisfactory. 

d. If the value during the display is alphanumeric or incomprehensible, record 
this because there is a problem in the program memory. 

4.8.8 Making Initial Total Field Measurements. Proceed as follows: 

a. Refer to the cardinal point decal on the end of the sensor to establish the 
North direction of the sensor. 

b. When a remote sensor is used, ensure that the sensor is connected to 
the OMNI IV and keep the sensor as far away as possible from the OMNI IV. 

~~ 
Ensure that the sensor pole is not in the vicinity of magnetic objects or 
power lines. 

4123'31.03.85RO:MII 4-27 



f 

c. Rotate the sensor to align it with magnetic North. 

NOTE 

The OMNIIV is very sensitive and capable of measuring variations of 0.05 

gamma. 

d. Set the MODE selector to TFM. 

e. Press the READ key once. The OMNIIV will power·up automatically, then 

it commences to energize the sensors for a specific polarization period. During 

this period, the display will indicate a six digit total field value with the two most 

significant digits flashing on and off. For example, the display may indicate 

68316.6 GAMMA and digits 6 and 8 flash on and off. The six-digit value 

(68315.6 y) is the last previously-stored value. The flashing 58 indicates that 

the OMNIIV is tuned to 58 x 1000 y. This is also applicable when the MODE 

selector is set to the GRAD position. 

f. Alter about 2 seconds, the display will be updated automatically. During 

the brief display update, an audio beep will be activated. The new numeric value 

on the display will be the actual total field reading obtained, eg, 58186.2 

GAMMA, when in the TFM mode, or eg, 2. 7 GAMMA GRAD when in the GRAD 

mode. 

g. The actual total field or gradient value will remain on the display for about 

8.5 seconds. Alter this, the audio beep is enabled for a period of 8 seconds to 

warn the operator that within another 8.5 seconds. the OMNIIV will shut itself 

off automatically. 

h. During the entire display period, other parameter keys may be pressed 

to display the value for that parameter. Every time another parameter key is 

pressed, a new 17 second display period will be activated. The display periods 

for each parameter should be minimized to conserve battery energy. 

4.8.9 Statistical Error Evaluation. When in the GRAD mode and after sensor 

polarization, the display is updated to indicate the value of the gradient. In 

relatively low noise and gradient free areas, errors of .03 to .07 gamma are typical 

for tl'le total field value. 

a. To display the error value of the gradient !lower) sensor, press the ERROR 

key. Both the GAMMA and GRAD descriptors will be displayed. 

b. To display the error of the total field tupper) sensor, it is required to display 

the total field first by pressing the FIELD key. 
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c. Once the total field is displayed, the error of the total field can be displayed 

by pressing the ERROR key. Only the GAMMA descriptor will be displayed when 

displaying the total field error. 

NOTE 

In the gradient mode, only the error of the gradient (lower) sensor is stored. 

4.9 PRE-SURVEY PROCEDURES 

At the start of a survey day, prior to commencing operations, it is necessary 

for the operator to perform a start-up procedure. This is to ensure that stored 

data is not destroyed; that accurate measurements can be taken; and new data 

will be stored properly for retrieval later. Carry out the following procedures: 

a. Identify the OMNJ IV correctly by identifying the software that is resident 

in the instrument (ie, what modes of operation can be initiated and performed). 

b. Capture Stored Data. Ensure that accumulated data stored from the 

previous day Is dumped prior to initializing the OMNI IV. 

c. Initialize the OMNI IV memories for the current day's survey activity. 

~~ 
1. Initialization of the OMNIIV clears any stored data from the memories, 

except tie-line,.data. 

2. All OMNIIV magnetometers have a software flag at 12:00 midnight. 

Data cannot be collected and stored past 12:00 midnight without first 

dumping (or clearing) the stored data which was collected prior to midnight. 

This ensures that data which has been collected on a specific day can only 

be corrected for diurnal variations which have been measured lor computed) 

during the same specific day. 

4.10 Identifying the Instrument 

If there is more than one instrument being used in a survey, (eg, base station 

and total field magnetometers), It will be necessary to identify the capabilities 

of the unit by determining the software that is resident in the unit. 

a. Turn the MODE selector to DUMP. 
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b. Press READ key. A six-d1git numlJer will lJu displayed on the LCD. 

eg. 063108 ll I I un;t ,,.; •• No 

Software co~e . -line magnetometer 
3 = Total field or lie 

4 = Base Station 

5 = Gradiometer 

Software revision and options code 

!For EDA use) 

4.11 Erasing the Previous Day's Survey Data 

At the beginning of each day's survey. it is necessary to initialize the OMNI 

IV by entering an operator's code 'OPNNNN' where N = a numeric. If data is 

still in the memory from the previous day, it will be erased when the operator's 

code is entered. 

4.12 Initializing the OMNI IV 

The OMNIIV has two memories for storing data: The tie-line memory and the 

field memory. 

4. 12.1 Tie·Line Memory. This memory stores d<~ta for up to 100 tie points 

and the base reference. This data in memory is not destroyed until the operator 

initializes the tie-line memory. The data is retained for tie-line survey use until 

it is initialized regardless of the number of days the survey might take. This 

memory is entered in the TIE mode. 

4.12.;2 Field Memory. This second memory stores the field data. It is initialized 

when the operator's code number has been entered and the first total field reading 

has been stored. This memory is elnered in the TFM. GRAD, or AUTO modes. 

s., . .,.,..,~...,..,.,..., ........ , 
~ CAUTION ~ 
...,....,...,._,.....,..,_,..,....;_,.. 

After this point, the prior day's field data is lost and cannot be dumped. 
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4. 12.3 Initializing the Field Memory. This procedure is carried out at the 

beginning of each survey day, (and after valid data has been dumped correctly). 

To enter the operator's code lie, to clear and initialize the field data memory), 

proceed as follows: 

a. Turn MODE selector to TFM lfor total field (3)); to GRAD (for gradiometer 

(5)); to AUTO (for base station (4)); or to TIE (for tie·line (3 or 511. 

b. Press one of the following keys: SPOT RECORD. MUL Tl RECORD or AUTO 

RECORD. The display will flash OPNNNN accompanied by an audible beep. 

c. Press the CHANGE key, then press the following numerics, where M = 9 

for alkaline batteries and any other digit for rechargeable batteries; and the Ns 

represent a number which identifies the operator. 

3MNN for total field 

4NNN for base station 

5MNN for gradiometer 

NOTE 

1. The gradient operator code can be used for the tie-line survey. 

2. If a keying error occurs when entering the numerics, press the CHANGE 

key again and re-enter the digits. 

3. At any time that it is necessary to enter a new operator's code, the 

accumulated field data must be saved by dumping first. Once the new 

operator's code has been entered and a reading taken, recovery of the data 

stored prior to entry of the new operator code will not be possible. 

4. The second digit of the operator code must be a 9 if alkaline batteries 

are used. 

4.12.4 Initializing the Tie-Line Memory. This procedure is only carried out after 

a survey has been completed. It is required in order to enter new tie-line data 

for the basis of a new survey. Proceed as follows: 

a. Turn the MODE selector to DUMP. 

b. Press the READ key, then press the AUTO RECORD key. The display will 

flash HPNNNN accompanied by an audible beep. 
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c. Press the CHANGE key, then the diyits 8888. followed by ENTER and 

CLEAR. 

d. The tie-line data will be cleared if the OMNI IV turns oil. 

4.12.5 Starting the Base Station Magnetometer. Proceed as follows: 

a. Set the MODE selector to ,._,TO. 

\ b. Press the READ key. A reading of the total magnetic field will be taken 
while the displayed digits II ash on and oil. When the reading is completed, a 
beep SCJunds and the reading is displayed. 

c. When a reading l};ls been !!tlempted, if the magnetometer is not tuned 
within the acceptable tolerance, (referred to as detunedl, there will be a beeping 
sound and a flashing field reading with the TUNE descriptor flashing. (Refer to 
para 4.14.2 for the manual tuning procedure.) 

d. Press the SPOT RECORD key. The base station magnetometer will beep 
~·· and the display will read OPNNNN. Enter the correct operator's code 

(commencing with the numeric 41 as described in para 4.12.3 lie, initializing the 
field memory). 

.. 

I 

~~;~;;;;l 
._,...._,...._,...,.....,.....,..~~ 

If the data stored in the base memory of the previous day has not been 
dumped, the OPNNNN will not be requested. Entering an OP code will erase 
the data. 

e. After the OP number has been entered. press SPOT RECORD again. 

f. If the base station recording time. interval has not been entered since 
memory initialization took place, it will commence at this point. The OMNIIV 
will beep and the previous time interval will be displayed in flashing digits. Change 
and enter value as necessary (between 5 seconds and 60 minutes). 

g. Press SPOT RECORD again. The display will show RP001 signifying that 
the memory is ready to store the first reading. 

h. Press SPOT RECORD again. The first reading will be stored in memory 
and identified as RPOOl and the OMNI IV will be turned off automatically. 
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j. Press the READ key to start the base station again. 

NOTE , 
From this point, the base station will function automatically. After the 
preprogrammed recording interval has elapsed, the OMNI IV turns itself 
on; displays the previous total magnetic field reading with flashing digits 
until the polarization sequence is complete; then, after storing the reading 
and incrementing the RP number, it shuts itself off. This is the cycling 
sequence. 

4. 12.6 Starting the Gradlometer. Proceed as follows: 
(I 

a . ., Set the MODE selector to GRAD. 

b. Press the READ key. The OMNI IV turns on and a total field reading is 
being processed while the first two displayed digits are flashing. When the reading 
is completed, there is a beep and the reading is displayed. 

NOTE 

If the OMNI IV is detuned, it will indicate this by a sequence of beeps 
accompanied by a flashing display of the previous reading. Refer to para 
4.14.2 for the manual tuning procedure. 

c. Press SPOT RECORD. This will cause the OMNI IV to beep and OPNNNN . 
will be displayed. For the gradiometer, enter 5 followed by a 9 (if alkaline batteries 
are being used) or another digit' if not; followed by the two operator digits. 

NOTE 

As soon as the new OP number is entered, the field memory will be 
initialized, and any stored data In memory is cleared lie, not retrievable). 

d. Press MUL Tl RECORD. The position number will be displayed. if correct, 
press MUL Tl RECORD again to store the data. 

4.13 Pre-Survey Programming 

At the base station, the following programming tasks may be accomplished 
with the respective MODE selectors on the base station magnetometer and total 
field (or gradient) magnetometer both set to TEST. 

a. Clock synchronization (including TIME and DATE setting). 
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b. Reading synchronization (if desired). 

c. For the field magnetometer (or gradiometerl. programming the initial LINE, 

LINE SPACING, POS, and POS SPACING. 

d. On the base station, the base LINE and POS readings can be entered as 

a reference record, then the time SPACING interval can be reprogrammed lor 

the desired automatic recording interval cycle. 

e. Then memory initialization can be completed with the entry of the OP 

number. 

4.13.1 Real-Time Clock. The OMNI IV includes a programmable real-time 

clock lor synchronizing readings and for recording the times of field readings. 

The clock also includes the date. However, this does not include leap year 

compensation. It is suggested that a digital wrist watch be used to set the time 

at the start of a survey and to synchronize the clocks within the base station 

magnetometer. 

NOTE 

If the date Is changed, the time has to be re-entered as well. 

To set the time, the following procedure must be followed: 

a. The time can be set in any position of the MODE selector. 

NOTE 

Consider an example in which the display indicates the following time: 

14:26:13. It is the intent to set the clock at 14:28:00. Therefore, it will 

be necessary to enter this set time lie, 14:28:001 when the digital wrist 

watch displays 14:27:59. For convenience, the real-time clock can only 

be programmed for hours and minutes; not seconds. Therefore, allow at 

le~st one minute. prior to the time that the entry will be made. 

b. Press the CHANGE key and observe the display. Note that the numerics 

1 and 3 in the seconds column have been set to zero automatically, ie, 14:26:00. 

c. The display flashes on and off indicating that it is ready to accept new 

values. Key in the following numerics in sequence: 1. 4, 2, 8. Observe the display 

to confirm that the new value is entered correctly. Do not enter any digits lor 

seconds. 
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NOTE 

Depending upon the time difference between steps b. and c .• it is most 

probable that the display period will time out and the audio alarm will 

commence beeping. To extend the time display period, press the ENTER 

key followed by the CHANGE key again. It may be necessary to repeat 

this procedure several times during the time-setting process. 

d. Now monitor the wrist watch until it displays 14:27:59 then, immediately, 

press the ENTER key. With some experience, the setting accuracy can be less 

than 1 second. 

e. To confirm that the real-time clock has been set properly, press the TIME 

key twice and compare the time on the wrist watch with the time on the display. 

NOTE 

Synchronization of the base station and field magnetometers requires two 

operators to ensure synchronization accuracies of less than one second. 

Every time that a reading is taken, the computer reads the real-time clock 

and stores the time in memory. The time at which the real-time clock Is 

read is defined as the time immediately after the processing of the sensor 

signal. The same procedure is used in the base station magnetometer. This 

method improves the record accuracy of the actual time that the total 

magnetic field was measured. 

To synchronize OMNI IV clocks, it will be necessary to carry out this 

procedure simultaneously; or to set one TIME display, then use that display 

as the reference to set another TIME display. · 

To enter or change the date: ··1-. 

a. Press the TIME key. The time will appear on the display. 

b. Press the TIME key again immediately. The time display will convert to 

a date display. 

c. Consider, for example, that the displayed date is 85:08:19 lie, 19th August 

19851 and that the required setting is 86:04:12 lie, 12th April 1986). 

d. Press the CHANGE key. Then, in sequence, press the digits 8, 6, 0, 4, 1, 2. 

e. Verify that the date is correct, then press the ENTER key. 

f. Press the TIME key two times to recall the entered date to the display. 
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4. 13.2 Reading Synchronization. If it is required to synchronize tho field unit 
with the base station unit, the time spacing for the field unit must be re·entered. 

a. Press the TIME key on the field unit. 

b. Press the SPACING key to display the time interval. 

c. II the time spacing is the same as in the base station unit, press the ENTER 
key. 

d. If the time spacing is different from the base station unit, press the 
CHANGE key. then enter the correct time interval. 

e. II no synchronization is required, enter a time interval of 00:00 in the field 
unit. 

4.14 SYSTEM TUNING (Prior to Survey) 

Whenever a total field measurement is to be taken lor the first time, it is 
necessary to confirm that the predicted measurement will approximate the total 
field reading which has been stored previously. 

If the difference between the actual total field strength and the last total field 
reading stored previously in memory is too large, the OMNIIV may not be capable 
of taking a proper reading. In such a case, the display will indicate that OMNI IV 
tuning is required. The TUNE descriptor will flash on and off and the audible alarm 
will be activated. 

4.14.1 Retrieval of Last Previously Stored Total Field Value. To obtain the 
previous value of the total field, proceed as follows: 

a. Press the RECALL key. 

b. The display will indicate the record number of the last reading. The DECAY 
and SENS descriptors will flash to indicate that the unit is in recall. 

c. Press the FIELD key and observe the display. The_ total field value which 
is the last stored total field value, will be displayed. 

d. Press RECALL again to toggle back to the normal function. 
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4.14.2 Tuning the OMNIIV. Proceed as follows: 

NOTE 

As a general rule, when the difference between the local ambient field 
strength and the last stored total field strength is greater than ± 15% 
relative to the local ambient field strength, the OMNI IV must be tuned 
manually. 

a. Consider the example when the display indicates a last previously stored 
total field strength of 60500.7 GAMMA. 

b. Furthermore, in the example, It is estimated that the local ambient field 
strength is 59000 y. By calculation; :t 15% of 59000 y = :t 8850 y. 

NOTE 

l< 
The OMNI IV might not be capable of tuning automatically from 50500 
to 59000 gammas. Therefore, a closer value must be inserted in the two 
most significant digits that are used for tuning. 

c. Press the CHANGE key. Observe the flashing total field value; 50500.7 
Indicating that the value may be changed now. 

d. In sequence, press the following numeric keys: 5, 9. Observe that every 
time a numeric key is pressed, the associated corrected digit on the display stops 
flashing. This procedure is equivalent to a flashing cursor which travels from 
left to right. 

e. After the changed numerics have been entered, confirm visually that the 
new entry Is accurate, than press the ENTER key once. The OMNI IV is now 
tuned to 59 ky. · 

NOTE 

II an incorrect numeric is entered in step d., it is not possible to cancel 
or edit the entry while in the process of entering. The procedure for 
correcting an entry is the same as for entering a new value. 

f. Assume that the numerics 5, 3 have been entered and suddenly, it •s 
evident that a 3 has been entered erroneously instead of a 0. Press the ENTER 
key to enter the incorrect value. Then press the CHANGE key again and repeat 
step d. 
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4.14.3 Incomprehensible Displays. Assuming that tho operator has no 

historical knowledge regarding the OMNI IV wht~n the FIELD ll.ey is pressed in 

the TEST mode, it is possible that the display may also indicate an 

incomprehensible number which flashes on and off. When this occurs, the 

OMNI IV does not have a valid total field value in memory, lie, the check sum 

lor the total field is badl. In this event, the OMNI IV must be tuned to the 

approximate ambient local tiel~. 

a. Carry out the tuning procedure. 

4.15 SYSTEM TUNING (During a Survey) 

Consider the condition where there is a warning that the OMNI IV requires 

tuning during an actual survey. Although this is very unlikely, it is possible it 

a sudden large local gradient is encountered between one station on the grid 

and the next station. To cause this, the local gradient must induce a change 

which will be larger than ± 15% of the last stored total field strength value. 

If this occurs, the total field value displayed will flash on and oft, the TUNE 

descriptor will appear, and the audio alarm will beep. 

Although there is no indication how large the gradient and the sign of the 

gradient is, it is suggested that the tuned value be increased by + 10% of the 

last value. 

The flashing total field value on the display is the last stored value which is 

valid. Therefore, it must be used as the reference to calculate and add + 10%. 

a. As an example, assume that the flashing total field value is 62350.3 

GAMMA. 

b. By calculation, 10% of 62350 y is approximately 6000 y. 

c. Add 6000 y to 62000 y. The new tuning value shall be 68 ky, lie, 

68 )( 1000y). 

d. Press the CHANGE key. In sequence, enter the following numeric digits: 

6, 8. 

e. Alter the changed numerics have been entered, confirm visually that the 

new entry is accurate, then press the ENTER key once. 

NOTE 

When the OMNI IV is operated in either the GRAD or TFM mode and the 

OMNI IV requires tuning during an actual survey, a new reading will be 

taken automatically following tuning when the FIELD key is pressed. This 

is a feature of convenience lor the operator. 
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f. To obtain a reading immediately alter tuning, press the FIELD key. 

g. Observe the display for about 3 seconds. The display will indicate 68000.0 

and the two most significant digits 6 and 8 will be flashing on and off. Flashing 

of the two most significant digits is confirmatiort.that the OMNI IV is tuned to 

68 X 1000 y. 

h. Alter this, a new total field reading will appear on the display, eg, 66100.8 

GAMMA. For this example, the OMNIIV was capable of tuning to the new total 

field value. The OMNI IV is now tuned to 66100 y for the next reading. 

j. In the event that the OMNI IV indicates that it cannot tune even alter it 

was tuned to 68000 y, the operator might re-tune the OMNIIV to 72000 y using 

the same procedures as outlined previously. 

k. If no results are obtained after two or three attempts, tune the OMNI IV 

to - 10% of 62350 y or 62000- 6000 = 56000 y. The reason lor thfs is that 

the OMNI IV may be subject to a large negative gradient telative to the local 

ambient field. 

NOTE 

In general, the operator might have to re-tune the OMNI IV several times 

in order to discover the new total field value. Field experience has indicated 

that usually the OMNIIV needs re-tuning only once. 

4. 15.1 Large Gradients. In the tuning procedures, it was indicated that the 

range of automatic tuning that the OMNI IV is capable of handling is 

approximately ± 15%. It must be noted that this is not an instrument fault or 

design limitation, but an indication of large gradient variations and this is a 

significant observation in the survey. One useful procedure is to monitor the 

DRIFT function lie, the change in gammas between the previous total field reading 

and the present reading). To display the drift: 

a. Press the DRIFT key following any reading. This option remains in effect 

until changed by pressing the FIELD key. 

NOTE 

Monitoring drift makes it easy for the operator to detect large horizontal 

gradients, which may require additional readings !SPOT RECORDS) at 

intermediate fill-in stations along the survey line. The drift indication also 

checks data repeatability at any given station. 
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4.16 PREPARING THE SURVEY GRID PROFILE 

A sample grid configuration is shown in Figure 3-1. 

Initially, to set up the 1maginary grid pattern. a definition is required regarding 
the direction (or ground track) that the operator must travel. Consider an example 
where the operator starts from a specific reference position and proceeds to the 
South along a specific line. See Figure 4-5. The starting position will have a 
reference of P 0000. If the operator proceeds initially to the South, this requires 
a minus 1-1 sign notation for the position spacing value according to the example 
grid. The linear units of measurement for spacing are arbitrary since they merely 
represent a means of identifying magnetometer measurements geographically 
by coordinates when the data is printed out. It is essential, however, that the 
spacing keyed into the OMNI IV be identical to the actual spacing established 
in the field survey. 

As an example, consider the line spacing of 25 metres shown in Figure 4-5. 

To set the initial line reference and the grid spacing between adjacent lines 
into the OMNI IV: 

a. Set the MODE selector to TEST. 

b. Press the READ key and observe the displayed total test field lie, 56369.7 
GAMMA). 

c. Press the LINE key. The actual display is irrelevant. Then press the CHANGE 
key. The displayed value will commence flashing on and off. 

d. Press the ± key once or twice until the first two positions on the display 
indicate L and blank. 

NOTE 

The display does not Indicate a + sign. Instead a blank will be observed. 

e. Press the 0 key four times to give a display of L 0000. This is the primary 
reference line. 

f. Press the ENTER key to enter the new value. 

g. Press the LINE key again. Confirm that the entry is correct. 

h. Press the SPACING key. The INTV descriptor will appear to indicate that 
this is the line spacing. 

j. Press the CHANGE key. The displayed value will commence flashing on 
and off. ' 
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k. Press the ± key once so that the first two positions on tho display indicate 

L-. 

m. Press the following numeric keys in sequence 0. 0, 2. 5 to give a display 

of INTV L- 0025 (line spacing). 

n. Press the ENTER key to enter the new line spacing value. 

p. Press the SPACING key to recall the line spacing display. Confirm that 

the entry is correct. 

A similar procedure applies lor position lstationl numbering and spacing. The 

position ordinates are set up using the same procedure but operating the POS 

key instead of the LINE key. In this example, the position spacing is also set 

at -0025 intervals and the zero reference is P 0000. 

NOTE 

To summarize the quadrant sign, tracking to the North and East are 

considered positive. 

4.16.1 Survey Track. A typical survey track is shown in Figure 4-5. Consider 

the path traversed during the example survey. The origin is identified on the figure 

as 'start' and has the grid coordinates L 0000, P 0000. 

a. When the operator starts at the origin, if the LINE key is pressed. the value 

L 0000 will be displayed. If the POS key is pressed, the value P 0000 will be 

displayed. When a reading is taken at this location, the reading must be stored 

in the TFM mode under MUL Tl RECORD key control. 

b. When the first position south of the origin is reached. a position update 

is required. Press the UPDATE key. The computer combines the P 0000 position 

entry with the INTV P- 0025 spacing entry to give the new position entry of 

P-0025. 

c. When a total field reading is taken at this location, the position entry 

P- 0025 is recorded together with the line entry L 0000. 

NOTE 

Alternatively, if the AUTO RECORD key is used, the position is updated 

automatically. 

d. As the survey continues Southward. this procedure decrements the 

position number from P- 002 5 toP- 0050, then from P- 0050 toP- 007 5 by 

using the UPDATE key. when the data is to be stored. 
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e. In the example, when the operator reaches P-0100, the track turns 

Westward to tho next line, then it continues Northward. Therefore, the position 

number remains unchanged, but the line must be updated. When the next station 

Westward is reached, press the LINE key, followed by the UPDATE key. The 

computer combines the L 0000 line entry with the INTV L- 0025 spacing entry 

to give the new line entry of L- 0025. The position is not updated here. 

f. When the total field reading is taken at this location, the entries L- 002 5 

and P- 0100 will also be recorded in the manual record mode. The reading must 

be stored under MUL Tl RECORD control because only the line number is updated. 

g. The track now turns Northward, therefore the position interval must be 

changed from -0025 to +0025. Press the POS key, then press the SPACING 

key. Press the CHANGE key, then press the ± key. Press the ENTER key. The 

position spacing display should read INTV P 0025. 

h. As the track progresses Northward, the negative position numbers will 

change in increments of 0025 until P 0000 is reached. Then they will become 

positive, eg, P 0025, P 0050, etc. 

4.17 SETTING UP A TIE LINE 

For this survey method, there is no base station. Therefore, in order to utilize 

the data correction algorithms in the OMNI IV microprocessor, it is necessary 

to establish a base station (or base point) reference as well as a series of tie 

points (usually along the same tie line). Tie line(s) are usually located along the 

strike length of the survey grid, and either along the baseline or at the ends of 

grid lines. 

NOTE 

The tie-point readings form a bench mark for computing diurnal variations 

so that the survey readings can be corrected. Therefore. at each reading, 

the correct survey grid coordinates lie, line and position) must be recorded 

simultaneously. Erroneous data must be deleted or readings must be 

repeated. Readings at the base reference point can be stored in the tie

line memory by selecting the TIE mode and entering recordings using the 

SPOT RECORD key: Check the reading quality display (ie, SENS and 

DECAY) for each reading. Discard a poor reading by pressing the OFF key. 

Then take a repeat reading by using the SPOT RECORD for the base 

reference point or the MUL Tl RECORD for the tie points. If the quality is 

poor for multiple readings, move the tie point to a location where good 

quality and repeatability can be obtained. The location of the base reference 

point should be selected in an area with low gradient. 

Refer to Figure 3-2 and proceed as follows: 
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Prior to taking any reading, ensure that the sensor is oriented with its North 
mark (engraved on the sensor) facing North. Ensure that the sensor 
interconnect cable is attached securely to the OMNIIV. Keep the sensor 
at arm's length when taking a reading. 

a. At the base reference point: 

Iii Set the MODE selector to TIE. 

(iii Press the READ key. The display shows the total field reading at the 
base point. 

(iiil Press the SPOT RECORD key once. The audio beep will commence 
with the display flashing OPNNNN, if this is the first reading to be stored for 
the day. 

NOTE 

The first digit designates the application in which the OMNI IV was last 
used leg, 3 = field magnetometer, etc). 

livl For the total field magnetometer application, press the CHANGE key. 
The beeping will stop. 

(v) Enter the OP number lie, 3 followed by three additional digits). 

NOTE 

These can be any three digits but are usually assigned to identify the 
operator with the data stored. 

(vii Press the ENTER key. 

(vii) Press the SPOT RECORD key. The display should show LP 9999 to 
indicate a base reference point. 

lviiil Press the SPOT RECORD key a second time to enter the reading into 
the special tie-line memory. 

b. Proceed to the first tie-point position, then: 

lil Keep the MODE selector set to TIE. Press the READ key. After the 
polarization, the display shows the field reading at the tie point. 

liil Press the MUL Tl RECORD key. This does not advance the tie-line 
number. 
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(iii I The display will show the tie-line number. The flashing L denotes that 
this is a tie-line reading. 

liv) Verify that this is the correct line number. If not, refer to para 4. 16 
to program the grid coordinates. Change the reading to the correct line and 
position number as required. 

lvl Press the MUL Tl RECORD key again to store the reading and grid 
coordinates in the special tie-line memory. 

c. Proceed quickly to the next tie-point position along the tie line. 

Iii Press the READ key. The display should show the field reading at the 
previous tie point during polarization, followed by the new field reading. 

liil Press the AUTO RECORD key. This advances the line number. 

liiil The display will show the next sequential line number. The flashing 
L denotes a tie-line reading. 

livl Verify that this is the correct line number for the tie point. 

lvl Press the AUTO RECORD key again to store the reading and grid 
coordinates in the special tie-line memory. 

d. Repeat step c. along the entire length of the tie line or at the designated 
tie points. 

CAUTION 

Proceed .as quickly as possible to minimize the effects of diurnal variations. 
If scattered tie·point locations are selected, it will be necessary to correct 
the line and position displays. Refer to para b. and especially step liv). 

e. When all tie points have been recorded, return to the base reference point, 
then: · 

Iii Press the READ key in the TIE mode. The display will show the total 
field reading at the base reference point. 

Iii) Press the SPOT RECORD key. The display will show LP 9999, denoting 
a base reference point. 

(iii) Press the SPOT RECORD key again. The reading and grid coordinates 
will be stored in the special tie-line memory. Therefore, there will be two readings 
entered for the base reference point: One at the beginning and one at the end 
of the tie-point reference measurements. These two readings will indicate the 
diurnal variation between them and the elapsed time between the two readings. 
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NOTE 

The tie-line loop is now complete and stored in memory for the entire 

survey. On subsequent survey days, the first and last reading of the day 

must be recorded at the l.lase reference point or at any given tie point stored 

in memory. These must be stored in the TIE mode. 

4.17 .1 Extending the Tie-Point Grid. If the survey grid is extended, it is 

possible to increase the number of tie-line references in the tie-line memory at 

any time or day during the survey. Repeat steps a. through e. at the new tie

point positions. Previous tie-line readings will remain in memory until they are 

erased by the HP8888 dump code. lS~e para 4.1 2.4.1 
I 

4.17 .2 Displaying the Tie-Point Drift. The diurnal drift between the two most 

recent mea'surements at the tie points can be monitored as follows: 

a. Ensure that the MODE selector is set to TIE. 

b. Press the DRIFT key twice. The display will show the GRAD descriptor 

and the value will be the drift between the last two consecutive tie points. 

~~ 
D'o not initialize the tie-line memory again until the survey is complete. 

4.18 SETTING UP A LOOP SURVEY 

This method is almost the same as the tie-line method except that, instead 

of selecting and recording numerous tie point references, only the base reference 

point is used as a bench mark. This method is applicable to smaller survey areas 

in which it is practical to return to the base reference point frequently to take 

subsequent readings. The looping survey diagram is shown in Figure 3-3. 

~ 
Before the looping method can be used, the tie-line memory must be 

initialized. (See para 4.12.4.) Then the base reference point only will be 

sto;ed. II it is not initialized, existing tie-point information will be picked 

up and used in computations. 

4.19 FIELD MEASUREMENTS 

If this is the first day of the survey, the OP number will not have been 

programmed. On subsequent days, the OP number will have to be programmed 

at the start of each day alter the survey data from the previous day has been 

dumped. · 
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NOTE 

When measuring the total field ITFM model, use the OP3NNN number. 

When measuring gradient !GRAD mode), use the OP5NNN number. 

~ 
At each station, check the reading quality and repeatability by observing 

the DELAY and SENS displays. Also monitor the drift between consecutive 

stations. Discard any bad or doubtful readings by pressing the OFF key. 

Then take a new reading. 

To take field measurements, proceed as follows: 

~ 
It is not possible to correct erroneous coordinates once the data is stored 

in memory except by erasing the previous reading. !See para 4.20.1 This 

also applies to computations which utilize values obtained from an address 

identified by LINE and POS coordinates. 

a. Upon arriving at a station, check the surveyed line and station number 

and compare them with the LINE and POS numbers programmed into the OMNI 

IV. 

b. Position the sensor correctly. Set the MODE selector to TFM. 

c. Press the READ key. The previous total field reading will appear in flashing 

digits while the reading cycle is being completed. 

NOTE 

If the reading cycle has been synchronized with the base station unit, lie, 

the readings occur at the same time that the base station takes a reading). 

a count-down to the next read cycle will appear first. (See para 4. 13.2.1 

d. Press the MUL Tl RECORD key. The display shows the position number. 

Verify that this position or station number is correct for where the reading is 

to be stored. Then press the LINE key. Verily the correct line number. Ill not, 

reprogram these values.) II the line and position numbers are correct, press the 

MUL Tl RECORD key twice to store the first total field reading of the survey. 
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e. Proceed to the next survey station. 

f. Press the READ key. The flashing display shows the previous total field 
reading until the new reading cycle is completed. Then it shows the reading for 
the current location. 

g. Press the AUTO RECORD key. The display shows the updated station 
number. 

h. -Press the AUTO RECORD key again to store the new data. 

j. Repeat steps e. through h. at each position along the survey grid line. 

NOTE 

If the line and position of a survey location correspond to the tie-line point, 
the P or P- on the display will flash to Indicate a tie-point station. 

k. When the end of a survey grid line is reached. it is necessary to transfer 
to the next line without changing the position number, then to change the spacing 
sign. Refer to para 4. 16.1 for this procedure. 

4.20 Erasing Field Data Records 

To erase data from memory, one record at a time, proceed as follows: 

a. To erase tie-line reading.s. set the MODE selector to TIE. To erase field 
readings, set to TFM, or to GRAD (for readings in gradiometer model. 

b. Press the READ key and wait 2 seconds until the cycle is complete. 

c. Press the RECALL key, then check the field, time, line or pos to verify that 
this is the reading to be erased. 

d. Pfess the CLEAR key. 

e. Repeat the sequence in a. through d. 

NOTE 

The block erase feature works in the data-dump mode also. Similarly, it 
is necessary to select RECALL 

4.21 Choosing Recording Format 

Depending upon the character of the survey grid and the survey conditions, 
the operator can choose from three recording formats. 
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a. SPOT RECORD. This key is used where grid coordinates are not required. 
The data block is identified by an RP number. Do not use this key in the TIE mode 
as this will indicate a base reference station. 

Iii Press the READ key. The display shows the total field reading. 

liil Press the SPOT RECORD key once. The display assigns the next 
sequential record number (API to the reading. 

liiil Press the SPOT RECORD key again. The reading is stored in the memory 
data block. 

b. MUL Tl RECORD. This key is used to store many readings at the same 
position (station) number. 

(i) Press the READ key. The display shows the total field reading. 

(iii Press the MUL Tl RECORD key once. The display shows the previous 
position number. 

(iii) Press the MUL Tl RECORD key again. The reading is stored in the 
memory data block. 

c. AUTO RECORD. This key is used to update the position (station) number 
at pre-programmed spacing increments. 

Iii Press the READ key. The display shows the total field reading. 

(iii Press the AUTO RECORD key once. The display updates the position 
(station) number to the next position by adding (or subtracting) the spacing 
interval. 

liiil Press the AUTO RECORD key again. The reading is stored in the 
memory data block. 

4.22 Skipping Stations 

Where it is not possible to collect data at a given position leg, because of water 
or topographical obstruction), the position !station) number can be updated 
without storing a field reading. Proceed as follows: 

a. Proceed around obstruction to where a fi.eld reading can be taken. 

b. Press the READ key. The total field reading will be displayed. 

c. Press the POS key. 
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d. Press the UPDATE key once, or for as many times needed to arrive at the 

new position number. 

e. At the correct position number, press the MUL Tl RECORD key twice to 

store the reading in the memory data block. 

4.23 Intermediate Points 

On a survey grid with 25m spacing increments, it is desirable to record data 

at the mid points (eg, 12.5m, 37.5m, etcl. The display is only capable of 

indicating the two digits, therefore, when a space of 12.5 m is required, only 

the digits 12 are entered. Then the display shows oo: 12 with the colon and 

decimal point together and flashing. This readout actually means 12.5 m even 

though the .5 is not displayed. 
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SECTION 5 

DATA RETRIEVAL 

5.1 RETRIEVAL CONCEPTS 

Data stored in the OMNI IV memories can be processed and dumped using 

various program directives. These directives (access codes) are entered through 

the keypad. 

The data is dumped by connecting-the OMNI IV to an applicable peripheral 

device such as a printer or computer. The connection is made through a cable 

which is attached to the connector on the rear of the console. (When the OMNI 

IV is chest mounted, the data dump connector is on the underside of the console 

adjacent to the operator's right hand.) 

5.1.1 Diurnal Correction of Data. When the OMNI IV is used in the tie-line 

or looping mode, the data stored in the special tie-line memory file is merged 

with the field measurements stored in the field data memory file. The internal 

microprocessor then computes the diurnal variation in the earth's magnetic field 

for each survey grid coordinate and corrects the field data file using the tie-line 

file. No manual computations are required. This correction process takes place 

during the data dump. 

In addition to the self-correcting feature for data using the tie-line or looping 

method, the OMNI IV can also include a base station lor autocyclingl option. 

In this method, the base station records the total field reading at a single location 

but at precise time intervals. During the data dump, the raw data from the field 

magnetometer is dumped to the base station magnetometer where it is merged. 

The internal microprocessor then computes the diurnal variation in the earth's 

magnetic field for each survey grid coordinate by comparing the times at which 

readings were taken and computing any mid-interval values. This is most useful 

in Northern latitudes where more detailed monitoring of the diurnal variations 

is required. This correction process takes place during the data dump. 

Another correction which can be applied during the data dump is the 

programmable datum or the programmable reference field. In this application, 

the OMNIIV is programmed to remove a designated datum (or value) from the 

field measurements. Removal of this coarse background value facilitates plotting 

and interpretation of data. 

5.1.2 Data Dump Configurations. There are basically two equipment 

interconnection configurations: 

a. The OMNI IV can be connected directly to the printer or computer. 

b. An OMNI IV f1eld magnetometer can be connected to an OMNI IV baso 

station magnetometer and then to a printer or computer. 
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NOTE 

In order to hook up an OMNIIV to a computer, the user must be able to 
control the OTR (data terminal ready I line and the CTS (clear to send) line 
on that computer. 

5.1.3 Interface Cables. EDA produces a series of optional data cables for 
interconnecting the OMNUV to various printers and computers. The list is given 
in Table 2-1. Each data cable includes a communications buffer board custom 
designed to suit the interface requirements. See Figures 5-5 thru 5·10. 

5.2 Dump Set-Up 

Using the applicable interlace cable intorconnect the OMNIIV to the printer 
or computer. (Computer handshaking procedures are beyond the scope of this 
manual.) 

5.2.1 Access Code. Data stored in memory in the OMNI IV is retrieved by 
entering a four-digit access code. The composition of the code is as follows: 

2300 
, Y Y L2_ Always zeroes. 

Firat Digit: Type of data to be retrieved. L Second Digit: Formats the line 

1 -

2 • 

Raw data dump. The contents in the 
memory are dumped directly to the 
recording device. 

Corrected data where: 

a. The OMNIIV can correct its own 
total field data when used as a tie·line 
magnetometer. 

b. The OMNI IV is used as a base 
station to read raw data from the field 
magnetometer. then to correct it by 
linear interpolation. 

3 • • Verification. The field data is dumped 
through the base station without 
correction being applied. Rerouting of 
the data dump cable is not required. 

4 • Tie·point drift. The diurnal drift for the 
individual tie points is retrieved by 
subtracting the programmable refer· 
ence field. 

6 • Corrected tie·line data. The tie·line 
data file. is dumped directly. 

5·2 

( I I 

number with e compass 
bearing. 

Q ... 

2 

Standard + /
presentation. 

data 

North I+ I or South ( -·). 

East (+I or West (-I. 

3 = This is a fixed format for 
additional computer 
processing. It is operable 
only in PROG mode. 
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5.3 DATA DUMP PROCEDURES 

Proceed as follows: 

a. Interconnect the OMNI IV(s) with the applicable peripheral device. 

b. Carry out the appropriate procedures related to the peripheral device. 

5.3.1 Initiating a Raw Data Dump. Figures 5·1 and 5-2 show sample print· 
outs of uncorrected total field data and base station data. Figure 5-3 shows tie
point drift and tie-line data. Proceed as follows: 

a. Set the MODE selector to DUMP. 

b. Press the READ key. The serial number of the OMNIIV will appear on the 
display. 

c. Press the AUTO RECORD key. The display will indicate flashing digits 
HPNNNN together with audible beeping. 

d. Press the CHANGE key, then enter the required access code: 

til Key in the number 1 to dump the raw data. 

Iii) Key in a digit (0 thru 31 depicting the desired format for the line direction. 

(iii) Key in 0. 0 if required. 

(ivl Press the ENTER key. 

e. Power up the peripheral device. 

f. Press the AUTO RECORD key to begin the new data transfer. 

t~A DMNl IY "TAa-llna" M•p Sar •t401~ 
o~l~"Fl ~CO~~ tuocorrec edl 
Ope•••\or1 50Sil! 
D•\u• Sub\r•c\Bdl 0,0 
B•\1 ll·' Yol\ Li\hiu~ B•\1 3.3 Yol\ 
h~:~,'o~·p~r~r!•l ! :tl& ~~ t~:~~:2~ 
PoM~~o~4·~yE~O ~:~E aAf~~ 113 11111::: 11os 
J•:gg ~ i~~82:~ :Ai 8:8 ti:88:li IS 3~+oo E 57505.0 .o8 o.o 15100147 88 32+:10 E :17:101.9 .10 0.0 1:1100151 18 
33+:10 .:17503.1 .07 D,O 1:1s011110 1111 
33+00 I 57504.1 .o• o.o 15100156 88 
34+00 57511.1 .07 o.o 1:110tl05 88 34+:10 E :17514.9 ,09 D.O 1:11011U9 88 35+00 E 57511.1 .08 0.0 15101117 88 

Figure 5-1 Uncorrected Total Field Data 
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D•tel 4 AUG 83 
Operator 1 400/ 
R~hrence Faeldl :.1:100.0 

I'0'1i1l1on JO•Z:i E Lane Zll+llO N 
8•\ I IZ .1 llolt La\haum Oala J.Z \loll 
L••t ll••• updalel 1 AUG IIJ I~IUI\ll) 
Star\ of prarotl 4 AUG Ill 181:191:13 

T I11E FIELD CHANC.~ OR IF T RECORD 
1:1100133 ~7'!.17.8 0.4 17.8 1 
I~1001JB ~7~08.6 _,. z 11.6 l 
1:.10U1U :.7:ill.7 J .1 ll. 7 3 
1!11001411 ~7~10.~ -I.Z 10.~ 4 
l':o1001~J :17518.0 7.:, I 8. 0 :1 

l~:&Y:U iHU:: 7. 9 2$.' 6 
-11.1 14.9 7 

1~:s1 :Y~ ~an:; -6.4 8,4 a 
4.:. 12.9 9 

l$a01aU :17~12.7 -o. 2 12.7 10 

Figure 5·2 Base Station Data 

!.OA OMNl tV "Tac-laroc" nap Scr 11401:1 
6~~~ FiE~GO~!A luncorrcc cdl 

8~:~:\~~lr~~t!dl o.o 
B•ll 1!1.6 Vol\ Li\hiu• B•ll 3.3 \loll 
i~!~t\!~·p~~~~~·· 1 ~~ :J ~~:~~:~8 

PO~~~~o~ ... SYE~o ~ATE 4 AU(; ll II 
IIA ORtFr 11111:: OS 

~t:gg ~ ~~~82:~ :62 0.0 l~a0013:i 88 
0.0 Ua00a4l U 

~~:gg ~ ~~!8?:S :~3 o.o l~a00a47 ea o.o 1~100151 H8 
33+00 E :i7504.l .oa 0.0 15a00&:i6 88 
33+~0 E 57!103.1 .07 0.0 15tOlallO 1111 
J4+00 E :i751l.l .07 0.0 l:iaOiaO:i 88 
34+50 E 57514.9 • 09 0.0 l~a01all9 1111 
3:1+00 E 57:.11.1 .08 0.0 l:ia01al7 88 

Total Field Data IUncorrectedl 

Figure 5-3 Tie-Point Drift and Tie-Line Data 
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5.3.2 Correcting Total Field Data. Figure 5-4 shows a sumple print-out of 
OMNIIV corrected total field data. To correct total field data using the tie-line 
or looping method, proceed as follows: 

a. Set the MODE selector to DUMP. 

b. Press the READ key. The serial number of the OMNIIV will appear on the 
display. 

c. Press the AUTO RECORD key. The display will indicate flashing digits 
HPNNNN together with audible beeping. 

d. Press the CHANGE key, then enter the required access code: 

Iii Key in the number 2 to dump corrected data. 

Iii) Key in a digit 10 thru 31 depicting the desired format for the line direction. 

(iii) Key in 0, 0. 

livl Press the ENTER key. 

e. Power up the peripheral device. 

f. Press the AUTO RECORD key. The tie-line memory data is then merged 
with the field data and self correction begins. 

~g~AL0P~lLAvo~l!•i~l~:·.~~~ c~~.~l!g\ 5 

Dalal 4 AUC 83 
Oper•\ora 5012 
D•tu• Subtr•ctcda 57000.0 
B•ta 15.6 Volt LithiuM B•ll J,J Voll 
L•sl \lme updalcl 1 AUG 83 1~122100 
St•r\ or prlnll 4 AUG 83 l8139a:.3 

BASE STAfJON Sar •llOO!I 
O•tea 4 AUG 84 
Opcr•tora 401Z 
~crcrcnce Flalda 51:100.0 
L1ne 20+00 N PO'Iillion 30+2$ E 
B•ta lZ.l Vol\ Lithium B•lt 3.~ Vol\ 
L••t \iroa upd•~•• 1 AUG 83 l~a2ZaUil 
S\iorl or prlrot I 4 AUC 83 18&39&:.3 

LINE ~4+00 N OAT~ 4 AUG 83 II 
f'USIT tON F lELO ~~~~ OR IH T ltiE 05 

31+00 ~ 494,3 .10 14.1 l~aDU135 ~u 
Jl+~o E 494.6 .oa 11.1 l~•OOa43 aa 
Jl+OO ~ 494,3 ,08 10.7 1~100147 H8 
:H:+:iO E 486.9 .10 1:..0 l:iaOOa:Ol 88 
33+00 ~ 481.4 .08 lZ.7 15aOOai6 Hij 
J3+:i0 E 481.6 ,07 Zl.~ l:iaOlaOO 88 
34+00 E 498.9 .07 ll.l 15allla05 Y~ 
J4+:i0 E :.o:..6 .U9 9.3 l~aUit09 88 
35+00 E 498.4 .08 ll.l l~a01JI7 u~ 

Figure 5·4 OMNI IV Corracted Total Field Data 
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5.3.3 Correcting Total Field Data Using a Basa Station. Figure 5·2 shows a 

sample print·out of base station data. 

On both the base station OMNIIV and the field OMNIIV, proceed as follows: 

a. Set the MODE selector to DUMP. 

b. Press the READ key. The serial number of the OMNIIV will appear on the 

display. 

c. Press the AUTO RECORD key. The display will indicate flashing digits 

HPNNNN together with audible beeping. 

On the OMNI IV used as a field magnetometer or gradiometer: 

a. Press the CHANGE key, then enter the required access code: 

Iii Key in the number 1 to send raw field data to the base station unit. 

(ii) Key in a digit (0 thru 31 depicting the desired format for the line direction. 

(iii) Key in 0, 0 if digits were not 0, 0. 

(ivl Press the ENTER key. 

On the OMNI IV usetl as a base station: 

a. Press the CHANGE key, then enter the required access code: 

Iii Key in the number 2 to correct the field unit data. 

(iii Key in the same second digit as in a.(iil above. 

(iii) Key in 0, 0 if required. 

"vi Press the ENTER key. 

For both OMNI IV units: 

a. Power up the peripheral device. 

b. Press both AUTO RECORD keys simultaneously. Data transfer will 
commence and data correction will occur in the base station OMNI IV. 
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5.3.4 Verification of Raw Field Data. On both the base station OMNIIV and 
the field OMNI IV, proceed as follows: 

a. Set the MODE selector to DUMP. 

b. Press the READ key. The serial number of the OMNIIV will appear on the 
display. 

c. Press the AUTO RECORD key. The display will indicate flashing digits 
HPNNNN together with audible beeping. 

On the OMNI IV used as ~ field magnetometer or gradiometer: 

a. Press the CHANGE key, then enter the required access code: 

Iii Key in the number 1 to dump raw field data. 

Iii) Key in a digit 10 thru 31 depicting the desired format for the line direction. 

liiil Key in 0, 0. 

(ivl Press the ENTER key. 

On the OMNI IV used as a base station: 

a. Press the CHANGE key, then enter the required access code: 

(il Key in the number 3 to verify the field unit data. 

(iii Key in the same second digit as in a.(iil above. 

(iii) Key in 0, 0. 

(ivl Press the ENTER key. 

For both OMNI IV units: 

a. Power up the peripheral device. 

b. Press both AUTO RECORD keys simultaneously. Data transfer will 

commence and data correction will occur in the base station OMNI IV. 

5.3.5 Acquisition of Drift Measurements Between Tie Points. To dump the 
diurnal drift for the tie·point measurements in the tie-line unit, proceed as follows: 

a. Set the MODE selector to DUMP. 
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b. Press the READ key. The serial number of tho OMNIIV will appear on the 

display. 

c. Press the AUTO AF.CORD key. The display will indicate flashing digits 

HPNNNN together with audible beeping. 

d. Press the CHANGE key, then enter the required access code: 

(i) Key in the number 4 to dump the tie-point drift. 

(iii Key in a digit (0 thru 3) depicting the desired format for the line direction. 

(iii) Key in 0, 0. 

(ivl Press the ENTER key. 

e. Power up the peripheral device. 

f. Press the AUTO RECORD key to begin the transfer of tie-point drift data. 

An 'R' denotes that the diurnal drift calculation is derived from a base reference 

point reading; a 'T' denotes that the drift correction is derived from a tie-point 

measurement. 

5.3.6 Retrieval of Corrected Tie-line Data. On the OMNIIV used as a tie-line 

field magnetometer or gradiometer; 

a. Set the MODE selector to DUMP. 

b. Press the READ key. The serial number of the OMNIIV will appear on the 

display. 

c. Press the AUTO RECORD key. The display will indicate flashing digits 

HPNNNN together with audible beeping. 

d. Press the CHANGE ke.,, then enter the required access code: 

(i) Key in the number 5 to dump corrected tie-line data. 

Iii) Key in a digit (0 thru 31 depicting the desired format for the line direction. 

(iii) Key in 0, 0. 

(iv) Press the ENTER key. 

e. Power up the peripheral device. 

f. Press the AUTO RECORD key. Data transfer will commence and data 

correction will occur in the tie-line OMNI IV. 
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5.3. 7 Programmable Datum. By first subtracting a coarse field value from each 

field measurement collected on a survey grid, it is considerably more accurate 

to plot the differences between readings. (For example, if adjacent readings of 

57,500 and 57,700 gammas are recorded, then a coarse value of 57,000 is 

subtracted from each, the resultant plot would be values of 500 and 700.) To 

remove the preset datum from the field data, proceed as follows: 

a. Set the MODE selector to DUMP. 

b. Press the READ key. The serial number of the OMNIIV will appear on the 

display. 

c. Press the ERROR key twice (ie, DATUM is activated). If datum displayed 

is not as required, press the CHANGE key, then key in numerics to construct 

desired datum. 

d. Press tl:le ENTER key. 

e. Proceed with any one of the data dump procedures in paras 5.3. 1 through 

5.3.4. 

5.3.8 Programmable Reference. By first subtracting a coarse field value from 

each base station measurement collected on a time-interval basis, it is 

considerably more accurate to plot the drift in the magnetic field. To remove 

the preset reference field, proceed as follows: 

a. Set the MODE selector to DUMP. 

b. Press the READ key. The serial number of the OMNIIV will appear on the 

display. 

c. Press the REF.FLD key once. If the reference field datum displayed is not 

as required, press the CHANGE key, then key in the numerics to construct the 

desired reference value. 

d. Press the ENTER key. 

e. Proceed with the data dump from the base station or tie-line unit using 

the procedure in para 5.3. 1 or 5.3.6. 

5.3.9 Field Dumping of Data. It may be necessary to dump unwanted data 

during a field survey without having a printer connected so that the field data 

memory can be initialized (ie, entering the OP number). Proceed as follows: 

a. Set the MODE selector to DUMP. 
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b. Press the READ key, thon press the AUTO RECORD key. The display shows 
a flashing number HPNNNN. 

c. Press the CHANGE key, then key in 1000. Press ENTER. 

d. Press the AUTO RECORD key. No key will respond because the unit is 
waiting for a ready signal from the printer. 

e. Press the OFF key. 

5.4 Profile Plots 

Profile plots can be developed using the data collected by the OMNIIV. Choose 
any printer with a width between 40 and 190 characters. If the printer width 
is 70 characters or less, only the profile plot is printed. Printers wider than 70 
characters can accommodate the profile plot and the data. When the paper width 
is less than 70 characters, the data can be printed out in digital format first using 
the normal data dump procedures. Then the plot can be performed using the 
PROG mode. The paper plot can be performed using the PROG mode. The paper 
strips can be matched side by side to give the overall format. A sample profile 
plot showing total field and gradient is given in Figure 5-5. Proceed as follows: 

a. Interconnect the line printer and turn on the power. 

b. Set the MODE selector to PROG. 

c. Press the READ key. The serial number of the OMNIIV will appear on the 
display. 

d. Press the AUTO RECORD key. The display will show lPNNNN. This 
denotes the first parameter which is the printer paper width to be used. If the 
parameter is correct, press ENTER. 

e. If the parameter requires changing, press the CHANGE key, then key in 
the new parameter. (for example, for a 40 character printer, key in 0040; lor 
190 characters, 0 190.) Press ENTER. The printer will verily that the parameter 
is entered. 

f. Press the AUTO RECORD key again. The display will show 2PNNNN. This 
denotes the second parameter which is the total field full scale shown as X on 
the print-out. If the parameter is correct, press ENTER. 

g. If the parameter requires changing, press the CHANGE key, then key in 
the new parameter. (The largest field scale is 9999 gammas.) Press ENTER. The 
printer will verify the new full scale. 
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Figure 5·5 Profile Plot .of Total Field and Gradient 

h. Press the AUTO RECORD key again. The display will show 3PNNNN. This 
denotes the third parameter which represents the lull scale of the gradient data 
being presented. 

j. If the OMNIIV does not have a gradient capability, press the CHANGE key, 
then key in 0000. Press ENTER. 

k. If the OMNIIV has gradient capability and the parameter is correct, press 
ENTER. If the parameter requires changing, press the CHANGE key, then enter 
the new parameter. (The largest field scale is 9999 gammas.) Press ENTER. The 
printer will verify the new full scale. · 

NOTE 

If the gradient scale is set to 3POOOO, a fine total field scale (denoted by 
+I will afso be plotted at a 1 0 times finer scale than the total field scale 
lie, 2PNNNN + 10, full scale). 
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If any parameter has been entered incorrectly, all three entries must be 

repeated. 

m. After all three param~ters have been entered, press the AUTO RECORD 
key to start the profile plot of data. 

NOTE 

If the paper width is less than 70 characters, the data blocks can be dumped 
first, then the profile plot underneath it. Then the two printed outputs can 
be placed side by side for the overall picture. 

5.5 Specifications of the ASCII Fixed Format CPU Dump 

In the ASCII CPU dump, the fields are rigidly defined. 

First, there are a few empty lines with: 'cr ,II ,nul, nul'. All the lines with data 
start with a three character alphanumeric field, not belonging to the data, but 
defining what type of data/header it is: 

'HO' first line of header data. 
'H1' 
'H2' 
'H3' 
'H4' 

second line of header data. 
third line of header data. 
fourth line of header data. 
fifth line of header data. 

'D' magnetometer data, preceding each line of measurement data. 

DATA FORMAT FOR FIELDMAG or GRADIOMETER DATA (corrected and 
uncorrected). (BASE-STATION (uncorrected only I DATA EXITS OUT OF THE 
FIRST 26 FIELDS, including 'C' for the checksum. 

2 3 4 5 6 
123456789012 3456 7 89012345678901234 56 78901234 56 789012345678901 

0 1107080114 561234 1123• 561234 42000 -55125 250078 561234 
xxxMMOOI+iMMSSHfffffRRRRRCBBBBBBBLLLLLLLPPPPPPP EEEEOSGGGGGGG 

5-12 4123/3 1.0J.85RO/M9A 
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Format Column 

XXX 1·3 

MMDDHHMMSS 4·13 
FFFFFFF 14-20 

RRRRR 21-25 

c 26 

BBBBBBB 27-33 

LLLLLLL 34-40 

PPPPPPP 41-47 

EEEE 49-52 

D 53 
s 54 

GGGGGGG 55-61 

Examples: 

Description 

3 character alphanumeric preamble for measure· 
ment data (always 'D'I. 
10 character numeric field for date and time. 
7 character numeric field for raw upper sensor data, 
with implied decimal point before the last digit, ie, 
56123.4 gamma. 
5 character numeric field for the reading number lor 
record pointer 'RPxxxx' on display). 
1 alphanumeric character checksum error (blank if 
all OKI. 
7 character numeric field for corresponding base 
station reading to be used for diurnal correction. 
7 character numeric field for line number with 
implied decimal point before the last digit, and 
preceded by a ' -' sign if either S or W 
' - 1 21 2 50' "" 1 21 S + 2 5 or 1 2 1 2 5 S. 
7 character signed numeric field for Station or 
position number in the same way as the LINE 
number. 
4 character numeric field for error with implied 
decimal point after the second digit. ie, xx.xx. 
1 character numeric field for the decay rate I 1 to 81. 
1 character numeric field for the sensor strength I 1 
to 8). 
7 character numeric field for the raw field strength 
of the bottom sensor with implied decimal point 
before the last digit. This value minus the upper 
sensor strength gives the gradient. 

D 1107080114 561234 1123* 561234 42000 -55125 250078 561234 
D 813140136109500012300 1011234 -42000 35250 7881084000 

NOTE 

A blank should be regarded as a zero. The whole string has leading zero 

blanking. 
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Header formats: 

'HO llSSSSSSXXYYRRRRRROOOOHHhhMMMMVVVV' 

'HO' 
u 
ssssss 
XX 
yy 

RRRRRR 

0000 
HH 
hh 

MMMM 
vvvv 

3 character alphanumeric field for first header line. 
2 character numeric field for instrument code. 
6 character numeric field for serial number. 
2 character numeric field 100 if uncorrected, 99 if corrected). 
2 character numeric field (internal record length). 
6 character numeric field for the number of records or 

readings. 
4 character numeric field for the operator number. 
2 character numeric field for HP-CODE used in field mag. 
2 character numeric field for HP-CODE used in base station 

(correcting magi. 
4 character numeric field for main battery voltage. 
4 character numeric field for lithium battery voltage. 

'H 1 PPPPPPPLLLLLLLRRRRRRRDDDDDDD' 

'H1' 
ppppppp 

lllllll 

RRRRRRR 
DODD DOD 

3 character alphanumeric preamble for 2nd header line. 
7 character numeric field for position or station of base mag 

(if used). 
7 character numeric field for line of base station mag (if 

used). 
7 character numeric field for the base-reference field. 
7 character numeric field for· the datum field of grid. 

'H2 MMDDHHMMSSmmddhhmmssMMDDHHMMSS' 

'H2' 
MMDDHHMMSS 
mmddhhmmss 
MMDDHHMMSS 

H3 

3 character alphanumeric preamble for 2nd header line. 
10 character numeric field for time of field mag time update. 
10 character numeric field for time of first reading of survey. 
1 0 character numeric field for time of data dump. All times 

are in month/day, hour:minute:seconds format. 

3 character alphanumeric preamble for 3rd header line. 

All data fields are the same as for 'H2'. except that the times apply to the base 

station mag use in the correction mode (if applicable). 

H4 3 character alphanumeric preamble for 4th header line. 

No data fields presently specified (for fu~ure expansion only). 
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figure 5·6 Interconnect Cable (Data Correction to TRSS0/100). 

Male, 11·020·003351 
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Figure 5· 7 Interconnect Cable (Data Correction to Printer), 
Male, 11·020-003351 OCX·443 
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Figure 5·8 Interconnect Cable (Data Correction to Heathkit H-14 Printer), 
Female, (1-020-003301 

4123J31.03.85ROJM9A 5-17 



I 

MALE I J1 

Figure 5-9 Interconnect Cable (Data Correction to HP-85 Option 01. 

Male, 11-020-003351 DCX-446 
Figure 5·10 Interconnect Cable (Data Correction to HP-85 Option 11. 

Female, 11·020·003301 DCX-446 
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Figure 5-11 Interconnect Cable (Data Correction to IBM PC), 

Female, 11-020-003301 DCX-447 
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SECfiON 2 

OPERATION 

2.1 Unpacking 

Unpack the instrument carefully and rem:::>ve the housing, the probe and any 

spare parts fran the shipping carton. Place the instrunent on a table or bench 

with the label upright. R.errove the top section of the instrument by opening the 

two fasteners on the cover (see figure 1). The inner panel of the top section 

can be rem::>ved by pulling up on the fasteners. The top section of the instru

rrent contains the battery charger and a waist strap. The waist strap clips on 

to the strap brackets of the instrument when needed. 

Before attaching d1e probe, check the function switch on the control panel 

to make sure it is in the off position. The 12 pin interface connector for the 

probe is located just below the span adjust:rrent on the face of the instnnJent 

(see figure 2). Carefully match the Alignment Key in the probe connector to 

the 12 pin connector on the control panel, and then twist the probe connector 

until a distinct snap and lock is felt. 

Attached to the instrument is a warranty card which should be filled out 

completely and returned to HNU Systems. 

2.2 Operation 

Turn the function switch to the battery check position. The needle on the 

meter should read within or above the green battery arc on the scaleplate. If 

the needle is iA the lower portion of the battery arc, the instrument should be 

recharged prior to making any measurements. If red LED comes on, the battery 

should be recharged. 
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Next, tlm1 the function switer'1 to the on position. In -chis position 

the lN light source should be on. Look into the end of the probe to see 

the purple glow of the lamp. 

A brief description ~f the instrument controls and function~is shown 

in Figure 2. 
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Figure 1 (Continued) 
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Figure 1. Unpacking the Photoionizer. -
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TABlE II 

BRIEF DESCRIPI'ICX~ OF TiiSI'Rl.MENT 

ffi'ITROI.S AND FUNCfiONS* 

Control 

Six Position Switch 

Zero Potentiometer 

Span Potentiometer 

Function 

OFF - Shuts off all power and removes DC voltages. 

ON - In any other function position or measuring 

mode, the electronics are on. 

BATTERY CHECK - Indicates the condition of the 

battery. If needle position is in lower 

portion of green battery arc, the instru

~t should be recharged. 

Stru~BY - UV lamp is off but electronics are on. 

1his position will conserve potver and extend 

the useful operating time between recharges 

of the battery. This position is also uti

lized to adjust the electronic zero. 

RANGES - 0-20, 0-200, 0-2000 direct reading ranges 

available at minimum gain for benzene. M::>re 

sensitivity is available by adjusting the 

span pot~tiameter. 

A ten turn potentiometer is employed to adjust 

the zero electronically when the instrument is 

placed in the standby position with the probe 

attached. This eliminates the need for a hydro

carbon free gas. 

A ten turn counting potentiometer is utilized for 

upscale setting of the meter on calibration gas. 

Counter-clocl~se rotation increases the sensiti

vity ("-10 times). This pot can increase the sen

sitivity to make the instrument direct reading for 

nearly any gas which the instrument responds to. 

*For position of layout controls see Figure 2. 
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Figure 2 Control Panel Functions 
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To zero the instrunent, turn the ftmction switch to the standby position 

and rotate the zero potentianeter until the rreter reads zero. Clockwise rota

tion of the zero potentiometer produces an upscale deflection while counterclock

wise rotatiOn yields a downscale deflection. Note: no zero gas is needed, since 

this is an electronic zero adjustment (see below) . If the span adjustment setting 

is changed after the zero is set, the zero should be rechecked and adjusted, if 

necessary. Wait 1.5 or 20 seconds to ensure that the zero reading is stable. If 

necessary, readjust the zero. 

The instrument is now ready for calibration or rreasurerrent by switching 

the function switch to the proper measurement range. The insti1.Jrrent is supplied 

calibrated to read directly in ppm (v/v) 0-20, 0-200, 0-2000 of benzene with 

the span position set at 9·. 8. For additional sensitivity, the span potentianeter 

is turned counterclock-wise (smaller numbers) to increase the gain. By changing 

the span setting fran 10.0 to 1. 0 the sensitivity is increased approximately ten 

fold. Then, the 0-20, 0-200, and 0-2000 pp:n scales becane 0-2, 0-20, and 0-200 

ppm full scale, respectively. Tills span control is also utilized to make the 

ins tr\..lrrellt scale read directly in PJXIl of the canpound being rreasured. E.g. , it 

is adjusted to match the value of a calibration gas to that sane reading on the 

instrur:ent scale. The span control can be utilized to calibrate nearly any can

pound, measured by photoionization, to be direct reading on the 0-20 ppn range. 

For example, gain settings of 4.5 or 8.9, respectively, will provide direct reading 

capability (0-20, 0-200 ppm) for vinyl chloride and trichloroethylene, respectively, 

For a listing of approximate gain setting values see Table IV. 
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A small OC operated fan is used to pull air- through the photoionization 

sensor at a flow rate of three to seven hundred centimeters per minute (ca. 0. 5 

lt:m). The fan provides nearly instantaneous response times (Figure 3) while 

consuming little power. The characteristics of a fan are such that it cannot 

tolerate a significant pressure drop without affecting the flow rate and there

fore either the instrument reading or response tirre. Since photoionization is 

essentially a nondestructive technique, changes in flow rate do not affect the 

signal but if a large pressure drop is imposed at the inlet of the probe, the 

sanple may not reach the sensor. 
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.TABLE Ill 

VERIFICATION OF ELECTRONIC ZERO FOR 
PHOTOIONIZATION ANALYZER* 

Sample 

Room Air 

Room Air Passed Through 

6" x 3/4" 00 Charcoal 

Scrubber 

Zero Air 

Zero Air Passed Through 

6" x 3/4" ob Charcoal 

Scrubber 

*Maximum Gain = 2 ppm full scale. 

Instrument 
Reading (ppm) 

0.7 

0.1 

0.25 

0.04 

13 

%of F.S. 

35 

5 

12.5 

2 



TABLE IV 

RELATIVE PHOTOIONIZATION SENSITIVITIES* 

FOR VARIOUS GASES 

Chemical Grouping 

Aromatic 

Aliphatic Amine 

Chlorinated Unsaturated 

Carbonyl 

Unsaturated 

Sulfide 

Paraffin (C5-C7) 

Ammonia 

Paraffin (C1-C4) 

*Sensitivities in ppm (v/v). 

Relative Sensitivity 

10.0 
10.0 
5-9 

5-7 
3-5 

3-5 

1-3 
0.3 

0 
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Examples 

Benzene, Toluene, Styrene 

Diethylamine 

Vinyl Chloride, Vinylidene Chloride, 

Trichloroethylene 

MEK, MIBK, Acetone, Cyclohexene 

Acrolein, Propylene, Cyclohexene, 

Allyl Alcohol 

Hydrogen Sulfide, Methyl Mercaptan 

Pentane, Hexane, Heptane 

Methane, Ethane ... 

-

-
-

-
-
-
... 

-
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r Figure 3. Time Response for the Photoionization Analyzer. 
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The instrunent was designed to treasure trace gases over a concentration 

range fran less than 1 PJ:=m to 2000 pJ:=m. Higher levels of various gases (to per

centage range) can be treasured but the recorrmended procedure is to dilute the 

sarrple with clean air to a concentration of less than 500 ppm. This is general~y 

within the linear range of the instrument and if the measured concentration is 
I 

rrultiplied by the dilution ratio the correct concentration in the stream can be 

determined. A typical calibration curve is shown in Figure 4. Note that the 

calibration curve for benzene (the photoionization standard) is linear (over 

rrore than three decades) up to about 600 piXfi (v/v). 

If the probe is held close to AC power lines or power transformers, an 

error may be observed. For treasurements made in close proximity to such items, 

their effect on rreasurements can be determined by the following procedure. Zero 

the instrument in an electrically quiet area, in the standby position, then nove 

the instrument to the questionable area involved. If AC pickup is going to be 

a problem, the meter (in the standby position) will indicate the magnitude of 

the error. 

The instrument is equipped with an automatic solid state battery protection 

circuit. wben the battery voltage drops below"' 11 volts, this circuit will 

autana.tically tum off the power to the instrtm211t. 'This prevents deep dis

charging of the battery and considerably extends the batterf life. If the instru

rrent is unintentionally left on overnight, the battery will be unharmed because 

of the battery protection circuit. If the instrtm211t battery check reads low 

and the lamp doesn; t- fire, plug the charger into the instrunent. The power to 

the analyzer should then be returned. 
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To charge the battery, place the mini phone plug into the jack on.left 

side of the bezel prior to plugging charger into 120 VAC. YJhen discormecting 

charger, rerrove from 120 VAC before reroving mini phone plug. The battery is 

completely recharged overnight (ca. 14 hours). To ensure that the charger is 

functioning, turn the function switch to the battery check position, place phone 

plug into jack and plug charger into AC outlet. The rreter should go upscale if 

charger is "WOrking and is correctly inserted into the jack. 

'The instrunent can be operated during the recharge cycle. This will 

lengthen the titre required to ca:rpletely recharge the instrument battery. 
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Figure 4. Typical Calibration Curve for Photoionization Analyzer. 
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SECTION 3 

CALIBRATIOi'l 

Static or dynamic gas generation systems can be utilized for calibration 

of the instrument. A nunber of such systems for generating test at:mJspheres 

for various gases have been described by G. 0. Nelson in ,"Controlled Test 

Atlrospheres, '' Ann Arbor Science Publishers, km Arbor, Michigan (1971) . 

The rn:Jst convenient packages for calibration are the non-toxic analyzed 

gas mixtures available fran HNU Systems in pressurized containers (Catalogue 

#101-350 ) . 

A rapid procedure for calibration involves bringing the probe and readout 

in close proximity to the calibration gas, cracking the valve on the tank and 

checking the instrt.m=nt reading. This provides a useful spot check for the 

ins trurnen t. 

The recarrnended and nost accurate procedure for calibration of the instru-

rralt fran a pressurized container is to connect one side of a "T" to the pressurized 

container of calibration gas, another side of the ''T'' to a rotameter and tl}.e third 

side of the "T" directly to the 8" extension to the photoionization probe (see 

Figure 5). Crack the valve of the pressurized container until a slight flow is 

indicated on the rotameter. The inst:runent draws in the volure of sample required 

for detection, and the flow in the rotameter indicates an excess of sample. Now 

adjust the span pot so that the instrunent is reading the exact value of the cali

bration gas. (If the instrument span setting is changed, the instrurre-tt should 

be turned back to the standby position and the electronic zero should be readjusted, 

if necessary. ) 
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Figure 5. Recommended Calibration Procedure for Photoionization Analyzer 
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r. 
The calibration gas* should be prepared in the sarre matrix (air, nitrogen, 

hydrogen, etc.) in which it is to be measured, otherwise an inaccurate reading· 

may be obtained. The increased response which is seen in oxygen free gases can 

be attributed to a reduction in the quenching of ions by oxygen (actually o
2
-) 

and is typical of any ionization detector. The quenching effect of oxygen is 

constant from about ten percent 0
2 

to very high levels. 

~ If a gas standard prepared in nitrogen is to be used for rreasuranents in 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

J 

air, fill a 0.5 or 1 liter bag with the standard then add 50 or 100 cc of pure 

oxygen to bring the level to 10-12%. 

kny error between this value and 2(ffo oxygen is quite small . 

If the sample to be measured is in nitrogen, standards should be prepared 

in nitrogen. 'This will result in an increase in sensitivity of approximately 

4 . 

* Calibration with toxic gases should be perforrred in a hood since the 

101 is a nan-destructive analyzer . 

' 
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Instruction Manual for the Mount Sopris Model 
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ADDENDUM 

Changes for MOdel 1000-BP 

1-10.0 Change the following ite~ to read as shown below: 

2-6.1 

10. 
lOA. 
11. 

120 vac Charging cable 
240 vac Charging cable 
12 vdc Charging cable 

Change paragraph to read as follows: 

1000-BP-120 
1000-BP-240 
A-500K 0107 

Connect the proper charging cable for the voltage source available 

to the BATTERY CHARGE connector (Fig. 1-10). If the 12 vdc cable is 

used, the red lead connects to the positive (+) terminal of the source 

and the black lead to the negative (-). Two charging cords are provided 

for charging from an a.c. source, one for 120 volts and the other for 

240 vclts. Select the proper cable and connect the free end as follows: 

Black to the a.c. HOT, white to the RETURN, and green to EARTH GROUND. 

NOTE: If the polarity of the 12 vdc cable is reversed, no damage will 

result but the batteries ~11 not be charged. 

October 1977 Supplement A (1000-f.:) 
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Section 1 (1000-C) 

SECTION I 

GENERAL INFORMATION 

1-1. INTRODUCTION 

The Model 1000-C is a complete, fully portable, lightweight (27.3 Kg-60 
lbs) backpack mountable, borehole logging unit. 

Using the standard probe (G375/A), it is possible to record up to three 
different logs in one trip in the hole: (1) Gross count, dead~time 
corrected gamma radia\on, (2) Self Potential, and (3) Single Point 
Resistance. Other Nucle~r Pulse counting tools available include gamma
gamma and neutron-neutron. 

The recorder is a dual 
directional chart drive 
resetting the chart paper. 

pen, servo-driven type, equipped with a hi
allowing multiple logs and re-runs ~~thout 

The power requirements for the Model 1000-C·are provided by internal 
nickel cadmium batteries which are recharged by a built-in battery 
charger when connected to an A.C. or D.C. source. Battery life will 
provide a minimum of eight (8) hours of logging. 

The hand cranked winch has two speeds: a 1:1 ratio for going 
down hole, and a 4:1 ratio for coming back out. The winch comes with 
305M (1000 ft.) of steel armored logging cable. 

The Model 1000-C, when handled reasonably and maintainPd properly, 
will provide many years of reliable logging. 

r ' ' 



1-2.0 

1-2.1 

1-2.2 

1-2.3 

1-2.4 

Section I (1000-C) 

GENERAL SPECIFICATIONS 

The Model 1000-C logger comes equipped with one combination probe, 305 
M (1000') of cable, recorder-instrument assembly, shipping containers, 
spare parts and consumables, and all necessary cables and hardware 
required to log a borehole. A backpack frame with necessary fittings is 
optionally available. 

Shipping Weight: 36.4 Kg. (80 lbs.) 

Net Weight (With 305M of cable and backpack frame): 27.3 kg. (60 lbs.) 

Shipping Dimensions: Probe/Accessory Case = 33cm x 124.5cm x 10.2cm 
(13 11 X 49" X 411

) 

Winch/Recorder Case= 58.4cm x 48.3cm x 43.2cm (23 11 x 19" x 17") 

Operating Temperature Range (limited by pens): -25°C (-13°F) to 55°C 
(131°F) 

1-3.0 RlliQ! 

1-3.1 

1-3.2 

1-3.3 

1-3.4 

1-4.0 

1-4.1 

1-4.2 

1-4.3 

Cable Capacity: 305M (1000') 

Cable Type: U. S. Steel type no. 1N10SB (or equivalent) galvanized 
steel armored logging cable. Single center conductor, D. C. resistance 
approximately 24n/305M. Tensil strength is 408 Kg. (900 lbs.). 

Cable Head: Tapered cone and sleeve strain relief. Cable center 
conductor is water sealed with a Mecca underwater connector. Connection 
to probe is through center contact and outer screw threads (3/4 - 16). 
Outside diameter is 2.86 em (1.125"). 

Hand Crank Gearing: Direct drive (1:1 ratio) or step do~ (4:1 ratio) 
selected with easily removable crank. 

RECORDER INSTRUMENT ASSEMBLY 

Depth Odometer: 5 digit bi-directional, resettable, mechanical odometer 
geared directly to the measuring wheel. Resolution is 0.1 M (0.1' on 
English rrodels). 

Measuring System: Hard anodized grooved aluminum wheel. The measuring 
wheel rotates 3 1/3 revolutions per meter (3' on English models). 

Servo Amplifier (Recorder): Two pen, non-overlapping, servo-driven, 
rectilinear recorder. 

1-4.4' Recorder Response Time: Time to full scale (step function in) is "'1 
second. 

1-4. s Pens: Disposable felt tip cartridge available in red and black. 

-
-

-
-
-
-
-

-

-

-



Section I (1000-C) 

1-4.6 Pen lifter: Both pens operate simultaneously with front panel lever. 

1-4.7 Chart Drive: Bi-directional, geared (through multi-tooth clutch) to 
measuring wheel. Turned on and off with front panel shift lever. 

1-4.8 Chart Paper: 10 em wide grid Z-fold paper with em X em 

major divisions and o.s em intermediate lines. Each box contains 

two packets (7 .6 m - 25' each) of paper. The last 61 em (2 I ) 

are marked with a ~ed line on the right-hand margin. 

1-4.9 Sensitivity: 100 mV. (F. S.) 

1-5.0 GA~ CIRCUIT 

1-5.1 Ranges: 5 cps/div. (SO cps full scale) to 5 Kcps/div. (50 Kcps full 
scale) in 1-2-5 ratio steps. 

1-5.2 Internal Calibration Source: 5.000Khz. square wave crystal oscillator 
with a temperature coefficient of ±0.01%/°C maximum. 

1-5.3 Temperature Coefficient (total circuit): Each unit individually aligned 
for .t:0.02%/°C maximum from -25°C to +75°C. 

1-5.4 

1-5.5 

1-5.6 

1-5.7 

Time Constant: 2 pole Bessel function active filter. Full scale 
response time is ~7 seconds (step function in). 

Deadtime Correction: Realtime analog correction adjusted to~1 micro
second as calculated by the Energy Research and Deve1npment Administr~
tion in their test pits at Grand Junction, Colorado. 

Input Sensitivity: +380 mV ±10 mV. 

Downhole Power: 30 vdc ±1v at 50 ma. maximum as measured at 
the slip rings (with combination probe connected). 

1-6.0 SELF POTENTIAL 

1-6.1 Ranges: 2mV./div. (20mV full scale) to 100 mV/div. (1v. full scale) in 
1-2-5 ratio steps. 

1-6.2 Bias Range: 0 to 500 mV +or - as selected with POLARITY switch. 

1-6.3 

1-6.4 

Time Constant: 2 pole Bessel function active filter. Full scale 
response time is ~1 second (step function in). 

Input Impedance: >2 megohms. 



Section I (1000-C) 

1-7.0 SINGLE POINT RESISTANCE 

1-7.1 

1-7.2 

1-7.3 

1-7.4 

. 1-7. 5 

1-8.0 

1-8.1 

1-8.2 

1-8.3 

1-8.4 

1-8.5 

1-8.6 

Range: 2Q/div. (20 ohms full scale) to 10011/div. (1000 ohms full scale) in 1-2-5 ratio steps. 

Displacement: 0 to 500 ohms maximum. 

Time Constant: 2 pole Bessel function active filter. Full scale response time is ~1 second (step function in). 

Current Generator Output: Constant current (varies with range switch setting--20mA max.) at ·25 hz to 30 hz (selected by internal switch). 

Resistance Voltmeter Input Impedance: >500 K ohms. 

BATTERIES ~ BATTERY CHARGER 

Battery Type: General Electric type GCW3.5SB (or equivalent) Nickel Cadmium batteries (10 each). 

Battery Rating: 1.2vdc at 3.5 Ah. 

Battery Life: 8 hours continuous operation minimum. Varies with log(s) being run. Maximum drain is during SP-R log. 

Battery Charger Input: 12 to 14 vdc at 1.0 A maximum, 120 vac at 0.10 A max., and 220 vac at 0.05 A maximum (A. C. input i:; 50 to 400 hz. ). 

Battery Charger Output: Dual, constant current outputs. 350 mA each. 

Charging time to full charge: 12 to 14 hours. 

1-9.0 PROBES 

1-9.1 G375/A Standard Combination Probe ---
1-9.1.1 Dimensions: 1.1 m (43.5") long by 3.18 em (1.25") maximum outside diameter including neoprene insulating shecth. The stainless steel housing is 2.86 em (1.125") diameter. 

1-9.1.2 Weight: 2.95 Kg (6.5 lbs.). 

1-9.1.3 Construction: Stainless steel (type 303) housing with lead electrode for SP and R logs. 0-ring sealed at all joints. 

1-9.1.4 Power Requirement: 20 vdc (at cable head) :~ini::~um at 35 rnA. Naximum voltage in is 30 vdc, 24 volts is nominal. 

1-9.1.5 Scintillation Crystal: 38.1mm (1.50'') long ::y 12.7nrn (0.5") diameter sodium iodide, thalium activated scintillation crystal in ruggedized, sealed, aluminum mount. 

-
-

-
-
-
-
-

-
-

-

-



1-9.1.6 Electrical Connection: Insulated center 
mechanical threaded attachment to cable 
positive. 

Section 1 (1000-C) 

spring loaded contact and 
head. Center contact is 

1-9.1.7 Output: 6.Sv 1 microsecond wide positive pulse superimposed on the 
positive supply line (center conductor). 

1-9.1.8 Deadtime: Constant 5.0 microseconds. 

1-9.1.9 K-factor: Average K-factor at 10 em intervals is 4.8 x 10-~2.5 x I0-
5
at 

0.5' intervals). 

1-9.2 G375/A-l.O 1" O.D. Combination Probe 

1-9. 2.·1 Dimensions: 1.1m (43. 5") long by 2. 54cm (1.0") outside diameter 
stainless steel housing (for very small diameter holes). The probe must 
be covered with a neoprene sheath or electrical tape to run the SP and 
R logs. 

1-9.2.2 Weight 2.7 Kg (6 lbs.). 
_6 -5 

1-9.2.3 K-factor: Average K-factor at 10 em intervals is 5.2 x 10 (2.6 x 10 at 
0.5' intervals). 

All other characteristics are the same as Model G375/A. 

1-9.3 G375/AS Stratigraphic Combination Probe 

1-9.3.1 Dimensions:. 1.02m (40.2") long by 41.1 rm (1.62") maximum outside 
diameter including neoprene sheath (housing is 38.1cm (1.50") diameter. 

1-9.3.2 Weight: 4.4 Kg (9.7 lbs.). 

1-9.3.3 Scintillation Crystal: 76.2nm (3.0") long by 22.2 mm (0.875") diameter 
sodium iodide, thalium activated scintillation crystal in ruggedized, 
sealed aluminum mount. 

All other characteristics are the same as Model G375/A. 



1-10.0 CONS~~LES AND SPARE PARTS 

Item 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 

Description 

Chart Paper 
Pen Cartridge-Black (Center Nib~ long) 
Pen Cartridge-Black (Nib on Right~ long) 
Pen Cartridge-Red (Offset Right~ long) 
Adjustment Screwdriver 
Rubber Cable Wiper Balls 
Surface Electrode Assembly 
Mecca Sockets 
Mecca Boot 
A. C. Charging Cable 
12vdc Charging Cable 
Cablehead Protector Cap 
Probe Top Protector Plug 
Hand Crank for Winch 
0-Ring (for cable head) 
Nylon Accessory Storage Bag 
Recorder Protective Cover 
Operation and Maintenance Manual (1000-C) 
Winch-Recorder Shipping Case 
Probe-Accessory Shipping Case 
Standard Combination Probe 
Backpack Frame 
1" O.D. Combination Probe 
Stratigraphic Combination Probe 
Filtered Combination Probe 

Section I (1000-C) 

Part No. 

BP-10 
120-430 
130..:.430 
130-430 . 
R-3324 
RB-1.875 
B-500K 0125 
2670-6 

.2458-1 
A-500K 0124 
B-500K 0108 . 
B-2000 0108 
B-2000 0107 

2-115 

G375/A 

G375A-1.0 
G375/AS 
G375F/A 

Quantity* 

3 Boxes 
5 Each 
5 Each 
5· Each 
1 Each 
2 Each 
1 Each 
3 Each 
1 Each 
1 Each 
1 Each 
1 Each 
1 Each 
1 Each 
1 Each 
1 Each 
1 Each 
1 Each 
1 Each 
1 Each 
1 Each 
Option.::~ 

Optional 
Optional 
Option;:! 

When logging in extremely remote areas, you may wish to consult Haunt Sopris 
for a list of spare parts (including both electronic and mechanical components 
to allow repairs to be made in the field. 

*NOTE: This quantity refers to the number of pieces shipped with each unit 
initially. 

Pa !.~·· I -6 
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2-1.0 

2-1.1 

2-1.2 

Section 11 (1000-C) 

SECTION 11 

OPERATING INSTRUCTIONS 

Incoming Inspection 

The Model 1000-C should be unpacked and inspected as soon as possible. 
Check externally for broken knobs, bent shafts or levers, damaged 
connectors, etc. Also check for scratches, dents, or any gross 
misalignment of cases, shafts, plates, etc. 

A quick incoming test may be performed as follows: 

Chart Drive and Depth Measuring System 

Shift the CHART DRIVE lever (fig. 1-13) to ON. CAUTION: do not force 
the lever. If necessary, rotate the CHART ADVANCE wheel (fig. 1-22) 
slightly while pushing the CHART DRIVE lever to ON. Reset the DEPTH 
odometer (fig. 1-12) to zero with the RESET wheel (fig. 1-11) Note the 
position of one of the pens on the chart, and rotate the MEASURING 
WHEEL (fig. 1-23) counterclockwise exactly 10 revolutions. The chart 
will move 3 em and the DEPTH odometer will read 9997.0 meters (9991.C' 
on English models). Rotating the MEASURING WHEEL clockwise exactly 10 
revolutions brings the chart and DEPTH odometer back to zero. 

Recorder-Instrument Circuitry 

Connect one of the combination probes to the cable head as sho~~ in 
figure 4. Connect the surface electrode to the front panel connectc.~
(fig. 1-10) and short this electrode to the electrode on the orob~ 
(fig. 4). Turn the CPS/DIV. switch (fig. 1-1) to CAL, gamma DISPLACE
MENT switch (fig. 1-3) to zero, and the LOG SELECTOR (fig. 1-9) to"Y. 
The right-hand pen will go completely off scale to the right, 
and the left pen will slowly go to full scale ( ~7 seconds). 
Depress the left ZERO button (fig. 1-16) and see that the left ZER0 
control (fig. 1-15) adjusts the pen to the left and right of zer0 
(left-hand margin). Set the left pen to zero. Turn the CPS/Div. S\.'itch 
to 10 (100 cps full scale). The recorder will indicate the level o[ 
background radiation. Turn the LOG SELECTOR to POWER OFF and sec the 
following controls as indicated: POLARITI switch (fig: 1-5) to "+", 
BIAS control (fig. 1-6) to zero, 'tfV/DIV. switch (fig. I-4) to 10, 

n/DIV. switch (fig. 1-7) to 10, and resistance DISPLACEMENT control 
(fig. 1-8) to zero. 

Turn the LOG SELECTOR to SP-R. The left pen (SP) will read near che 
left margin, and the right pen (R) reads up scale about 8 em. If the 
right pen goes off scale to the right, check the connection bet~een the 
surface electrode and probe electrode. Depress the right ZERO button 
(fig. 1-19) and see that the right ZERO control (fig. 1-!8) ~ill 
adjust the pen both left and right of the center of the chart:. The zero 
line for the right pen is the center of the chart. Set the right po?n on 
"zero". Turning the BIAS contra 1 c loch.ri se ~o~i 11 cause the SP pen to go 
up scale (to the righr) on"+" POLARlTI and down scale on"" POL~"\ITY. 



2-1.3 

Section II (1000-C) 

Turning the resistance DISPLACEMENT control clockwise causes the R p.:n 
to go down scale. 

Should any of the aforementioned tests fail, check to see if the l.Dt,' 
BATTERY indicator (fig. 1-14) is on (LOG SELECTOR on~ or SP-R); if it 
is, recharge the batteries (refer to sec. 1-8). Otherwise, refer to 
section 3-9. It is normal for the LOW BATTERY indicator (fig. 1-14) to 
flash as the LOG SELECTOR is switched from POWER OFF to ~or SP-R. 

Storage 

The logger should be stored in a temperate, dry area if possible. The 
temperature range for storage is -40° C (-400 F) to 70° C (158° F). All 
protective covers should be in place and the units stored in their 
shipping containers. The batteries should be given a full charge (12 to 
14 hrs.) prior to storage and re-charged (at least 8 hours) every 
six months. 

!"' ~ .~.·. ? - .. 
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2-2.0 

Refer to 
Fig. 1 

1. 

2. 

3. 

4. 

s. 

6. 

7. 

8. 

_____:_:=----==--=------------- ----------

OPERATING CONTROLS 

Contro 1 

CPS/DIV: 

Gamma CAL.: 

Gamma DISPLACEMENT: 

Secr.ion II (1000-C) 

Function 

Gamma range switch, selects the number 
of counts per second per division (lcm) 
to be recorded on the chart. In the CAL. 
position, the internal calibration os
cillator is connected to the input of 
the gamma circuitry and causes the pen 
to go full scale (right-hand margin). 

20 turn screwdriver adjustment r.o set 
the gamma pen on full scale with the 
CPS/DIV. switch in the CAL. position. 

Displaces the gamma pen down scale (to 
the left). The amount of displacement is 
equal to the CPS/DIV. switch setting 
(100/div. maximum) multiplied by the 
gamma DISPLACEMENT switch setting i.e., 
if the CPS/DIV. switch is on 20 and 
the DISPLACEMENT switch is on 15, the 
pen is displaced 300 cps (1~ times full 
scale) to the left. CAUTION: This switch 
must be kept on zero when the CPS/DlV. 
switch is on 200 or above. 

MV/DIV.: Self Potential range switch. Selects the 
number of millivolts per division (lcm) 
to be recorded. Full scale for the S? 
pen is assumed to be at the center 
of the chart. 

BIAS POLARITI: Selects the polarity of the bias signal 
fed to the SP circuit. 

BIAS: Contro Is the arrount of bias signal fee 
to the SP circuit. The BIAS range is 0 
to 500 mv. 

/DIV.: Resistance range switch. Selects the 
number of oh:ns per division (lcm) to be 
recorded. Zero for the R pen is assume= 
to be the center of the chart; full 
scale is the right-hand margin. 

Resistance DISPLACEt-lENT: Controls th~ number of ohms and R pen !~ 

displaced to the left. The range is 0 tc 

500 ohms. 

., - -



Refer to 
Fig. 1 

9. 

10. 

11. 

12. 

13. 

14. 

15 & 18. 

16. & 19. 

17. & 20. 

21. 

22. 

Control 

LOG SELECTOR: 

Section II (1000-C) 

Function 

Controls the power to all circuitry and 
selects gamma or SP-R operation. This 
switch must be in POWER OFF to allow 
charging. 

BATTERY CHARGE-SURFACE ELECTRODE: A connector which provides con
nections for all battery charging and 
the surface electrode. 

RESET: 

DEPTH: 

CHART DRIVE: 

LOW BATTERY: 

ZERO control: 

ZERO button: 

SERVO GAIN: 

PEN LIFTER: 

CHART ADVA~CE: 

Allows resetting DEPTH odometer to zero. 

Displays the amount of cable which has 
been spooled off the winch drum from the 
time the odometer was reset. 

Controls multi-tooth clutch to engage or 
disengage chart. The chart will move at 
a ratio of 1 meter of borehole to 
1 centimeter of chart. CAUTION: Do not 
force the CHART DRIVE lever to ON. If 
necessary, rotate the CHART ADVANCE 
wheel slightly (to line up a multi
tooth clutch) ~~ile pushing the lever to 
ON. 

Indicator will come on when batteries 
are low. A maximum of one hour of use 
remains after the indicator comes on. 

Adjusts associated pen to zero. Zero for 
the left pen is the left-hand margin; 
zero for the right pen is the center 
of the chart. 

When depressed, it shorts the input of 
the associated servo amplifier to ground 
(causing the pen to read zero). 

Adjusts the amount of gain in the 
feedback loop of the servo amplifier. 

Mechanically raises and lowers both 
pens. 

Thumbwhe~::l to manually m:>ve the chart. 
CAUTIO~: The CHART DRIVE m~st be OFF. 

Pi!~r· ?- t... 
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2-3.0 

2-3.1 

2-3.3 

Section II (1000-C) 

Replacing Chart Paper & Pens 

Loading Chart Paper (refer to figure 3) 

It may be easier, but not necessary, to remove chart pens before 
loading recorder with new chart paper. 

Shift the CHART DRIVE lever (refer to figure 1) to "OFF" and open 
the side door. Rotate chart paper thumb wheel clockwise while 
pushing up, from the inside, on the front end of the Teflon 
paper holder. The rotating sprockets will catch the paper holder 
and lift it up and off of the front sprocket roller. The paper 
holder may rub along the left side of the opening in the front 
panel. 

The bottom end of the paper holder remains inside the recorder and 
around the rear sprocket roller. Do not attempt to completely 
remove paper holder from recorder.-----

Load a new packet of chart paper into recorder and thread paper up 
and over the front roller. Rotate thumb ~heel clockwise and feed 
the chart paper until it engages the rear roller. Be sure the pap~= 
is flat and properly aligned on sprockets before lowering the front 
end of the paper holder. Maneuver paper holder down over the front 
roller until it catches on sprockets. The thumb ~heel may then be 
rotated in a counter-clockwise direction. It may be necessary to 
hold the pens up to clear the paper holder. The paper holder will 
then snap into place. 

Use thumb wheel to feed chart paper through recorder and into take-up 
magazine. Make note of which way chart paper unfolds, so that you 
can get paper refolding into original position. 

CAUTION: 

Take care not to bend the paper holder. The stretching required 
for the paper holder to snap on and off of roller is normal. ~nen 
the paper holder is in its normal operating position, it should fi.L 
slightly loose. If the paper wrinkles or tears, or if the paper 
holder has a tendency to lift up during operation, the paper holder 
has become bent, and must be resored to its original shape. 

Pens (Refer to Fig.l) 

Turn LOG SELECTOR to POWER OFF. The pens can then be removed by 
grasping the front of the pen cartridge and pulling straight out. 
Replace • • .'ith a fresh cartridge in the reverse order. When not in 
use, the protective caps should be kept on the pen tips to prevent 
the pens from drying ouL. 
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2-4.0 

2-4.1 

2-4.2 

2-4.3 

2-4.4 

Section 11 (1000-C) 

Logging a Borehole 

WTRODUCTION 

The main objective for the operator of a logging unit is to produce an 
accurate, informative, and easy-to-read log. This means the pens make 
maximum use of the available chart space (full chart for Gamma and half 
chart each for SP and R), and do not overlap or cris!>-cross so much 
that they confuse the log. To do this requires selecting proper scales 
and setting bias or displacement controls properly (there is no 
substitute for experience). Using black pens for SP and R and a red pen 
for Gamma also helps keep the record straight. Since the two pens are 
non-overlapping, they may collide while logging SP and R. It is almost 
impossible to prevent this, so (if they do not separate naturally 
within a meter or so) the pens must be separated, using the SP biAS 
control and/or R DISPLACEMENT control. Turning the R DISPLACEMENT 
control clockwise will cause the R pen to move to the left. Turning 
the SP BTAS control clockwise, with the POLARITY switch on''+", will 
move the SP pen to the right. With the POLARITY switch on "-" the pen 
will move to the left when the SP BIAS control is turned clockwise. A 
sample of a good log is illustrated in figure 5A and a poor log in 5B. 

All three logs (Gamma, SP and R) can be run in one trip in the borehole 
by logging SP and R down, and Gamma on the way out. However, because of 
the added difficulty with this method (the hole cannot be pre-viewed on 
the way down to set up and SP and R controls, extra chart paper must be 
fed into the take-up magazi~e because the paper will run backwards 
while going down hole, etc.) it is recommended only when logging in 
poorly consolidated material, or when time is the ruling factor. 

Prior to going to the drill site, check to make sure you have: fully 
charged batteries, a charging cable, spare pens (in both styles and 
colors), the winch crank, probe(s), extra chart paper, cable wiper 
balls, mud electrode, Gamma calibration screwdriver, electrical tap~, 
and silicone grease (for 0-Ring on cable head). 

The following list is intended as a guide line to log a t.ypic.al 
borehole, using the two trip method. (The probe is lowt!red tv the 
bottom of the hole and Gamma is logged while coming out; the probe 15 
then lowered a second time to log SP and R. 

Clear the area around the borehole to give you a relativ~ly clean, dry 
place to work. 

Release the 
enough slack 
figure 2. 

BRAKE and unspool a. couple of meter5 of cable co give you 
to connect the probe and set up the tripod as sho~n in 

Place the logger: on the· borehole. Dt!pt!nding on the site, you may have 
to use sc~ap iumbt!r, rocks, etc. to make the unit as l~vel as possi~ic. 

-
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2-4.5 

2-4.6 

2-4.7 

2-4.8 

2-4.9 

Section II (1000-C) 

Shift the CHART DRIVE lever to OFF. Check to see if there is enough 
paper in the supply magazine to log the hole. 

Remove the protector plug from the probe and check to see that the 
threads and area around the contact are clean. Remove the knurled cable 
head protector (clean the threads and contact if dirty), apply a 
generous amount of silicone grease to the 0-ring, and sere~ the probe 
to the cable head RAND TIGHT ONLY--do not use ~enches. The probe must 
be insulated with electrical tape as shown in figure 4. 

Bury the mud plug by digging a small hole, putting the mud plug in, and 
filling the hole ~ith dirt and fresh water. The mud pit will provide a 
good ground on freshly drilled holes. It may be necessary to use salt 
water to obtain a good ground in extremely arid areas. This must be 
noted on the log heading, as it usually reverses the polarity of the SP 
log. 

Load the chart paper (refer to section II, paragraph 3) and put your 
lo.g heading on it. A typical log heading might contain the unit serial 
number, probe serial number1 probe K factor, type of logs run and their 
scales, hole number and location, operator's name, and the date. 

The first log to run is Gamma, because it is usually considered most 
important, and depending on conditions in the borehole, one run may i..,t.

all you can get. For clarity, the Gamma should be run with a red pen 
(SP and R in black). Remove the protective cap from the gamma 
pen and s~i tch the LOG SELECTOR to "'( • The right-hand pen wi 11 
automatically go off scale to the right to allow full use of the chart 
for gamma. 

2-4.10. The SERVO GAIN control (one for each channel) should be set as high as 
possible (clockwise) without having the recorder pens oscillate. 1f a 
recorder pen starts to oscillate, reduce the gain (counterclockwise) 
just to the'point where the oscillation stops. 

2~4.11 To check the gamma calibration, turn the CPS/DIV. ~itch to CAL. and 
alternately check for zero on the left-hand margin and full scale on 
the right-hand margin. Depress the left-hand ZERO button and adjust the 
ZERO control so the pen rests on the left-hand margin. Release the 
button, and t~e pen will come to rest near the right-hand margin. 
Adjust the pen for full scale with the CAL. scre~driver adjustment. 
Depress the ZERO button and again check for zero and then full scale to 
insure accurate calibration. The calibration procedure routinely should 
be checked before each hole. 

2-4.12 Make certain the brake is set, and lower the probe into the borehole. 
Position the logger as necessary to center the cable in the hole. Slip 
the winch crank on the 1:1 ratio shaft, release the brake and crank the 
top of the ca~le head back up to ground level. Set the brake. 

Page 2-10 



Section II (1000-C) 

2-4.13 Reset the DEPTH odometer by rotating the depth RESET wheel upward, and 
then set in the distance from the top of the cable head, (ground levd) 
to the reference point by manually rotating the measuring wheel. The 
gamma log and SP-R logs will be displaced by the distance between 
the center of the scintillation crystal to the center of the electrode 
(See Fig. 4). If this distance is considered significant, it may be 
compensated for by sliding the pens in or out slightly as the case may 

·be. A good range for "'(exploration is 20 cps/DIV. 

2-4.14 You are now ready to lower the probe to the bottom of the hole. 
CAUTION: do not allow the probe to freewheel down the hole. Holding the 
winch crank, release the brake and crank the probe to the bottom of the 
hole. The bottom will be detected by the sudden loss of weight. The 
approxima.te depth can be obtained from the drilling crew. 

2-4.15 When you hit bottom, take the slack out of the cable and set the brake. 
MOve the winch crank to the 4:1 ratio shaft. 

2-4.16 Adjust the chart with the CHART ADVANCE ~eel so the pen will cross a 
major division on the chart (every 1 em) at the same time the depth 
odometer indicates a who·le number of meters (or at 3' intervals on 
English models). This makes reading the chart easier because each 
centimeter line will be an even depth reading i.e., every meter 
273.0, 272.0, 271.0, (or 273~0, 270.0, --- 6.0, 3.0, 0.0 on English 
models). Shift the CHART DRIVE to ON. CAUTION: Do not force the CHART 
DRIVE lever. If necessary, rotate the CHART ADVANCE wheel very slightly 
(to line up a multi-tooth clutch) while shifting the CHART DRIVE 
lever to ON. 

2-4.17 Check to be sure a good cable wiper ball is in place. If not, rotate 
the old one (or install a new ball) and cut a slice for the cable to go 
through. 

2-4.18 You 
pen, 
speed 
mated 
come 
cable 

are now ready to make the first log (gamma) in the hole. Lower the 
release the brake, and begin to crank the probe back out. A gocd 

for general logging is 4M/ndn. (15'/min.). This can be approxi
by making one revolution-of the crank every 2 seconds. As you 

out of the hole, an attempt should be made to keep the 
as neat and level across the winch drum as possible. 

2-4.19 If a gamma anomaly is encountered, the gamma pen will go off scale to 
the right. Continue to log until the pen comes back on scale and is 
reading the normal background gain. Stop cranking, raise the pen, and, 
while observing the pen, crank back down through the anomaly, selecting 
a scale which will keep the pen on scale in the upper half of the 
chart. Make a note of this range setting on the chart. When the pen is 
reading background (below the anomaly on the new scale), put the pen 
down and crank back up through the anomaly until the pen again returns 
to background. A re-run should be logged at 1 to 2 m/min (3 co 
6'/min.). When the pen has returned to background, raise the pen, 
switch back to the original gamma range, lower the pen and continue 
logging the hole. A sample of a re-run is shown in figure Sc. 
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T Section II (1000-C) 

r-·· 

2-4.20 Upon reaching the top of the hole: 1. raise the pen, 2. set the brake, 
3. switch the LOG SELECTOR to POWER OFF, 4. change the left pen to 
black (with the nib on the right) and remove the protective caps from 
both pens, 5. move the winch crank to the 1:1 ratio shaft, 6. switch 
the LOG SELECTOR to SP-R, 7. set the MV/DIV. and ohms/DIV. switch to 
100, and the BIAS and DISPLACEMENT controls to zero. DO NOT shift the 
CHART DRIVE to OFF; the bi-directional chart drive will automatically 
follow the probe back downhole for the second run (SP and R). 

2-4.21 Check the zero on both pens. The SP pen zero is on the left margin and 
the R pen zero is at the center of the chart. The scales and 
bias/displacement setting should be set on the trip downhole. The R pen 
will be off scale to the right until the water level is reached (when 
it comes back on scale). At this time you should start alternately 
lowering· the OHMS/DIV. switch, to make the pen more active (larger 
fluctuations), and adjusting the DISPLACEMENT control to center the 
fluctuations on the right-hand half of the chart. The MV/DIV. switch 
and BIAS control are set in a similar manner; the POLARITY switch 
changes the polarity of the bias voltage to allow logging positive 
or negative SP. The SP log should cover the left-hand half of the chart 
and the R log the right-hand half. 

2-4.22 You can now crank the probe back down the hole, setting the SP and R 
controls as you go. If the pens come into contact with each other, 
allow a few seconds for them to come back on their own, then if 
necessary, adjust the BIAS and/or the DISPLACEMENT controls. Turning 
the DISPLACEMENT control clockwise moves the R pen to the left; turning 
the BIAS control clockwise moves the. SP pen to the right on 'lf-" 

polarity an_d to the left on "-" polarity. 

2-4.23 When you come out of the water the SP and R pens will rapidly go off 
scale. Raise the pens and turn the LOG SELECTOR to POWER OFF. The probe 
should be cranked out of the hole as fast as possible, to reduce time 
in the hole and the chance of getting stuck. · 

2-4.25 Retrieve the mud plug and wipe excess mud from it and the winch 
assembly. After storing the cable head and pulley assembly, tighten the 
cable slightly to prevent it from loosening on the drum and becoming 
tangled during shipping. 

2-4.26 Make sure the LOG SELECTOR is in the POWER OFF position and the winch 
brake is on before storing or transporting the logger. 
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2-5.0 

2-5.1 

2-5.2 

2-5.3 

2-5.4 

2-5.5 

2-5.6 

2-5.7 

2-5.8 

Section II (1000-C) 

Operating Precautions 

Keep the cable head threads and brass contact clean and the 0-ring 
coated with silicone grease. 

The probe top threads and area around the center connector must be kept 
free from dirt and grit. 

If you become stuck in the hole DO NOT force the winch. If a moderate 
amount of pull from the winch will not free the probe a cable gripper 
and a jack or lever a~ will be required. 

When the CPS/DIV. switch is on 200 or above, the gamma DISPLACEMENT 
switch must be on 0 or the batteries will prematurely discharge. 

DO NOT allow 
damage may 
crystal. 

the probe 
result to 

to 
the 

freewheel to the bottom of the hole, as 
photomultiplier tube and/or scintillation 

In logging holes near the length of the cable, do not unspool cable 
completely. A minimum of 5 full wraps must be kept on the winch drum. 

Keep the cable neat and evenly wound across the winch drum to prevent 
kinks and possible short circuits. 

Do not allow the cable to kink. This causes premature wear, and couln 
cause a short between the center conductor and the steel armor. 

2-5.9 Handle probe with care. Avoid rapid changes in temperature and shaijc 
blows, especially. in a lateral direction. 

2-5.10 LOG SELECTOR must be in POWER OFF when changing or removing probes. 
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2-6.0 

2-6.1 

Section II (1000-C) 

Battery Life & Re-charging 

The life of a nickel cadmium battery is largely dependent on te~pera
ture; however, there are many other factors involved (discharge rate, 
type of charger, etc.). The cells used in the Model 1000-C nominally 
give 1000 complete charge-discharge cycles. The charging system used is 
of the constant current type, and can be left on for an indefinite 
period of time with no danger of overcharging. A sensor in the charger 
switches automatically for 120 or 240 volt a.c. operation. It is 
recommended that the unit be left on charge when it is not in use, and 
recharged at least every six months when in storage. 

Connect the proper charging cable, for the voltage source available, to 
the BATTERY CHARGE connector. If the 12 vdc cable is used, the red lead 
connects to the pasitive (+) terminal of the source, and the black lead 
to the negative (-). If. the a.c. cord is to be used, MAKE CERTAIN 
the CHARGING VOLTAGE SELECTOR SWITCH (located inside the chart access 
door) is in the PROPER POSITION. If used on 240 v. it will be necessary 
to cut the cord near the a.c. plug and install an appropriate 
connector. Refer to figure 6 for the proper connections. Connect the 
cable to the power source and observe the charge light (located 
inside the chart access door) come on to indicate proper charging. 
Should the charging indicator fail to light, check the connections to 
the power source, make sure the power source is active, and check the 
fuse (a.c. operation only) located inside the chart access door. 
NOTE: If the polarity of the 12 vdc cable is reversed, no damage will 
result, but the batteries will not charge. 

Pa~~ 2-16 
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WATER FACTORS TO USE WITH 

MOUNT SOPRIS MODEL S11, S11E, AND G-375 PROBES 

Hole Diameter 

in Inches Correction Factor 

2.25 1.035 

4.5 1.076 

6.5 1.115 

8.5 1.115 

CASING FACTORS TO USE WITH 

MOUNT SOPRIS MODEL S11, S11E, AND G-375 PROBES 

Casing Wall Thickness 

in Inches 

1/16" 

1/8" 

3/16" 

1/4" 

3/81
' 

Correction Factor 

1.24 

1.33 

1.43 

1.62 

1 .• 87 



Gamma Time Constant (T.C.) Switch 

This unit has been fitted with a Gamma time constant response switch. 
The switch is mounted on the dividing line between the Gamma and SP 
Range Switches. The switch has two positions, 2.4 and 0.3, corresponding 
to a full scale response time of 2.4 seconds and 0.3 seconds resulting 
from a full scale input step. 

The switch should normally be set to the 2.3 position for gamma probes 
and to the faster 0.3 range for such measurements as temperature, caliper, 
flowmeter and fluid resistivity, etc. If more filtering is desired this 
last group of probes could be run with the 2.3 position. For the most 
accurate results the gamma calibrate potentiometer should be adjusted 
each time.the T.C. switch position is changed.· The effect of the 
T.C. switch positions can be seen by operating the lOOOC in the Gamma 
position without a probe attached and sWitching between the 5K range 
and the Cal position for each T.C. position. 
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·. ·.) ·3 Theory 2f oeeration 

Figure 2 is· a block diagram which shows the main elements of 

the HLP-2375 combination probe • Refer to the appropriate 

schemati.cs located ·in Appendix 1 as necessary for the discus

sion of the ·operation checkout and trouble shooting of this 

probe~ 

As Figure 2 indicates, the active circuits of the HLP-2375 

probe serve one function _(l.e a Gamma Ray Scintillometer). 

The o_ther functions of the .probe, namely SP and resistance 

(R) are passive, consisting downhole.only of the A electrode. 

Circuitry for these measurements is located in the HLM-2680 
I 

module which has been designed to complement the HLP .... 2375 

probe. 

~ Gamma -~~ Scintillometer 

The gamma ray scintillation circuit may be subdivided into 

two sections consisting of (1) the photomultiplier dynode 

power supply circuits and (2) the pulse detection shaping and 

line driving circuitry. 

Photomultiplier nynode ~ Supply (See schematics for 

boards .Ai and A~) ~ Unregulated power of at least 20 Vdc at 

the cablehead is required to operate the HLP-2375 probe. The 

photomultiplier dynode voltages are derived by stepping the 

basic 20 Vdc power supply up to a square wave of 120v (peak 

amplitude) through the multivibrator formed by 01 and 02 and 

transformer Tl. The exact value of the AC voltage is deter-
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the descriminator (adjustable through R6) the comparator will 
. trigger causing transistor 04 to saturate. The negative 
going pulse at the collector of 04 triggers both one shots 
(U2). One of the one shots is· used to drive the complemen-
tary emitter follower which drives a positive pulse of 
approximately 1 microsecond and 6.8 volts onto the cable. 
The other . one shot is set at 5 microseconds and is used to 
electronically inhibit . the· first one shot from retr igger ing 
for that period of time. This introduces a known prope dead
time which is· electronically compensated for in all Mt. 
Sopris ratemeters. 

6 Service and Trouble Shooting 

The HLP-2375 has one main active function and it should be a 
simple matter to isolate problems to either the natural gamma 
function, the uphole electronics, or cable. Before trouble 
shooting the probe, it is always wise to verify that the 
proper probe power ( 20 Vdc) is available between armor 
(common) and the center conductor 20 Vdc). The steps 
listed below outline a procedure for trouble shooting the 
HLP-.2375 probe: 

I. Preliminary Checks 

A. Ch.eck cable for shorts or leakage, and for opens (cable resis~ance). 

B. With pro.be connected and ra temeter module on, check between lines 1 and 2. There should be a DC voltage of 20 to 30 volts upon which som~ post tive qamm~ pulses are riding. 

.., 
( 
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If there is no DC voltage, then the problem is in · the ratemeter. 

2. If the DC voltage is present, continue. 
c. Is ~he problem in the SP or- resistance logs? 

1. Yes .. Check to see that when electrode A and the mud pit are connected .through a power resistor, that a constant current sinewave is passing through the resistor. · 

a. If no current is passing in circuit, check for continuity between line 2 (center) and the 4 in. (A) lead electrode on the sonde. Also check for continuity between th~ mud pit electrode and pin K of the connector in the back of the module bin. If there is continuity but no current, the projlem lies in the HLM-2680 module current generator. 
b. 'If current signal appears ·to be correct but there is ·no resistance output, the problem still lies with the RESISTANCE circuit. 

2. No - If. there is a gamma· problem and there is 20 to 30 Vdc between lines 1 and 2, ·then problem is downhole. Go to II. 

(Note: Do~nhole power, lines 1 and 2, should be ~ 3 0 VDC.with probe disconnected and ratemeter on.) 

. ( 
~ . 

I_ I. ~robe Checkout .:. Uphol e OK 

A. Remove top sub on tool and carefully slide out the electronics section. Af~er the electronics section is outside the housing, turn on the ratemeter. 
1. Verify that there is at least 20 Vdc between lines 1 and 2 (red and black wires) at the cablehead. If the voltage is less than this, there 1 s either a bad downhole power supply (presumably, this possibility has been eliminated by now), or there • s something loading the power supply. 

2. If the power supply is being loaded'· check the gamma board • 

B. Gamma Board 
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1. If the problem lies with the gamma circuit and 
·the H.v. is OK, remove all the IC's on the board. 

Check to see that the 17 Vdc supply is OK. If 
not, check for~ a bad regulator transistor 07, or 
a diode D7. Also check OS and 06 of the line 
driver for shorts or bad transistors. 

2. Check to see that there are random pulses at 
point A on the board. (It helps to have a small 
gamma source, but there should be enough back
ground count to perform this check.) 

3. Follow the signal through 01 and 02, replacing 
these transistors if necessary. 

4. Replace eac·h IC in turn. Note the 17 Vdc power 
and check. to see that the pulses are properly am
plified. 

s. Check for proper pulse widths on the one shots. 

c. Photomultiplier Power Supply Board 
·Check ·the output of the high voltage board. 

Depending on the zener diodes selected, this should 
be a 500 Hz square wave with an amplitude of approxi
mately 120v. This voltage should be rectified and 
multiplied at each successive dynode stage, with the 
lowest voltage being at dynode DlO and the highest 
(approximately 1400 Vdc) at the photocathode. If no 
output voltage is present across the secondary of Tl, 
there is probably a faulty transistor Ql or 02 in the 
astable multivibrator circuit used to step up the 
basic 20 Vdc supply voltage. 

-
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Cable Armor 
1 Black (Common) 

2 
Cable Center 

~ Aed (+20 vdc) 1 1 3 

Gamma Probe 
Circuit 

(A 1) 

1 A 2 5 

1:' r·{ 

i@ 
4 ln. Lead 
Electrode 

1J~Mudplt 
1.--.f-

Out 1 Hlgh.Volta~e 
+ (-120V ac). 

In 
L---f----------i + Multi-VIbrator 

(A2) 

LINE FUNCTIONS· 

Line No. ·Function 

Photomultlp'ller Tubq Ou~put 

1-Biack Downhole Power Common. (Armor) 
2-Red--cDownhole Power V +. C-20Vdc) [At Cablehead] 

. +. ~ Pulses Up. 

or AC Current Down. [15 Hz] 

MUDPIT CURRENT RETURN 

II 
II 

. ·- .. + 
(A3) 

PM 
Voltage 

Multiplier 
Circuit 

FIGURE 2: FUNCTIONAL BLOCK DIAGRAM FOR THE HLP-2375 COMBINATION PROBE 
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Appendix A-A6 

Calibration and Maintenance of the 
Flame-Ionization Detector (FID) 



·-

INSTRUMENT OPERATION PROCEDURE 

FOXBORO Model128 Flame-Ionization Detector 
For the Detection of Organic Vapors 

Through Flame-Ionization 

January, 1991 



SCOPE AND APPLICATION 

Instrument ~ration Procedure 
FOXBORO Model 12S 

Januarv. 1991 
'page 2 

The OVA 128 is a sensitive instrument designed to measure trace quantities of organic 

materials in the air. The instrument uses a hydrogen flame ionization detector with the 

sensitivity to measure in the parts per million (ppm) range (V /V) in the presence of 

atmospheric moisture, nitrogen oxides, carbon monoxide, and carbon dioxide. The 

instrument has a single linearly scaled readout from 0 to 10 ppm with a X1, X10, and 

X100 range switch. 

The instrument measures organic vapor concentration by producing a response to an 

unknown sample, which can be related to a gas of known composition to which the 

instrument has previously been calibrated. 

Reference: 

Instruction Manual Model OVA 128, Centwy Organic Vapor Analyzer. 

Apparatus: 

OVA Model 128. 

Battery Charger. 

Side Pack Assembly and the Probe/Readout Assembly (See Figure 1). 

Recorder. 

Calibration Kit - Kit containing a gas cylinder of Zero air, a gas cylinder of 95 to 100 

ppm Span Gas (Methane in air), and gas regulators. 

Gas chromatographic columns. 



ORGANIC VAPOR ANALYZER 

FIGURE 1 

lnstn~ment O~r.ttion rrocedure 
FOXBORO :O.Iodel 1~ 

Januarv. l?'Jl 
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1.0 C01'.1ROLS A.l"'lD I~"DICATORS 

1.1 Side Pack Assembly 

Instrument Operation Procedure 
FOXBORO Model 128 

January, 1991 
Page 4 

1.1.1 INSTR/BA TI Test Switch - three position toggle switch controls all instrument 

electrical power excep( the pump and alarm power. It also permits the displ:;1y of the 

battery charge condition on the readout meter. 

1.1.2 PU:MP (ON/OFF) Switch- toggle switch controls power to the internal pump and 

audio alarms. 

1.1.3 IGNITER Switch - momentary push button switch connects the power to the 

igniter coil in the detector chamber and simultaneously disconnects power to pump. 

1.1.4 CALIBRATE Switch (range selector) - selects the desired range: X1 (0 to 10 

ppm); XlO (0 to 100 ppm); X100 (0 to 1000 ppm). 

1.1.5 CALIBRATE ADJUST (zero) knob- potentiometer used to zero the instrument. 

1.1.6 GAS SELECT KNOB (span control)- ten-turn dial readout potentiometer sets the 

gain of the instrument (commonly referred to as span control). 

1.1.7 Recorder connector - five-pin connector used to connect the instrument to the 

recorder. 

1.1.8 Charger connector - BNC connector used to connect the battery pack to the 

battery charger. 

1.1.9 HYDROGEN TANK VALVE- valve used. to supply or close off the fuel supply 

from the hydrogen tank. 

1.1.10 HYDR9GEN TANK PRESSURE indicator - high pressure; gauge measures 

pressure in the hydrogen fuel tank which is an indication of fuel supply. · 
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l.J....lJ HYDROGEN SUPPLY VALVE - valve used to supply or close off hy·drogcn 

fuel to the detector chamber. 

.1..1..12 HYDROGEN SUPPLY PRESSURE indicator - low pressure gauge used to 

monitor hydrogen pressure at the capillary restrictor. 

CALffiR.ATIO:-; ADJUST 

CALIBRATE----.. 

P~fl' (ON/OFF) 

JG:-.1TER 

GASSELEC! 

L"STR/BA1T --J& 

SAMPLE FLOW RATE 

,---- H2SL'PPLYVALVE 

BA1T RECHARGER 

CONTROLS AND INDICATORS 

FIGURE2 

H2 TA.'-"K PRESSt.:RE 

1.1.14 REFILL CONNECTION- 1/4 in. AN fitting to connect the hydrogen refill hose 

to the instrument. 

lJ....lS REFILL VALVE - valve to open one end of the instrument fuel tank for refilling 

with hydrogen. 

-

-
-
-
-
-

-

-

\, 
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lJ..:1.Q EARPHONE JACK- used to connect the earphone. 

Instrument Operation Procedure 
FOXBoRO Model 123 
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Page 6 

1.1.17 VOLUME knob - potentiometer adjusts the volume of the internal speaker and 

earphone. 

~ Readout and sample connectors -used to connect the sample bose and the cord 

from the probe/readout to the side pack. 
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2.0 STARTUP AND OPERATING PROCEDURES (Survey Mode) 

2.1 Connect the Probe/Readout assembly to the sidepack assembly by attaching the 

sample line and electronic jack to the sidepack. 

22 · Select the desired sample probe and connect the probe handle. Before tightening 

the knurled nu~ check that the probe accessory is firmly seated against the flat seals in 

the probe handle and in the tip of the telescoping probe . 

.2..J Move the Instrument/Battery switch to the test position. The meter needle should 

move to a point beyond the white line, indicating that the battery has more than four 

hours of operating life before charging is necessary. 

2.4 Move the Instrument/Battery switch to the "ON" position and allow a 5 minute 

warmup. 

2.5 Tum the pump switch on . 

.2.Jj Use the calibrate adjust knob to set the meter needle to the level desired for 

activating the audible alarm. If this alarm level is other than zero, the calibrate switch 

must be set to the appropriate range. 

2.7 Tum the volume knob fully clockwise . 

.b..8 Using the alarm level adjust knob, tum the knob until the audible alarm is activated. 

1..2 Move the calibrate switch to X1 and adjust the meter reading to zero using the 

calibrate adjust (zero) knob. 

bll> Open the hydrogen tank valve 1 or 2 turns and observe the reading on the hvdrogen 

tank pressure indicator. (Approximately 150 psi of pressure is required for each hour of 

operation). 
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l.lJ Open the hydrogen supplv valve 1 or 2 turns and observe the reading on the 

hydrogen supply pressure indicator. The reading should be between 8 and 12 psi. 

.2...12 After approximately one minute, depress the i&niter button until the hydrogen 

flame lights. The meter needle will travel upscale and begin to read "total organic 

vapors". CAUTION: Do not depress igniter for more than 6 seconds. If flame does not 

ignite, wait one minute and try again. 

2...U The instrument is ready for use. 

1..14.. NOTE: Use calibrate knob to "zero" out ambient background. For maximum 

-
-

-
-

sensitivity below 10 ppm, s~t calibrate switch to X1 and readjust the zero on the meter. .. 

To avoid false flame-out alarm indicator, set mete to 1 PPM with calibrate knob and 

make the differential readings from here. If the ambient background organic vapors 
are "zeroed out" using the calibrate adjust knob, the needle may move off-scale in the 

negative direction when the OVA is moved to a location with lower background. -
-
... 

-
-
-

-

-



3.0 SHUf DO\YN 

.lJ Close the hydrogen supply valve 

..l2 Close the hydrogen tank valve 

~ Move the instrument switch and pump switch to OFF. 

Instrument O~ration Procedure 
FOXBORO Model 128 

January, 1991 
Page 9 



4.0 CALIBR.\TIO:" 
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Calibration by using a known methane concentration in air in the range of 95-100 ppm . 

.4J Attach one 6" piece of tubing to the regulator. The other 6" piece is the vent. 

~ Attach the 18" branch length of tubing to the readout assembly. (See Figure 3). 

CALIBRATION CYLINDER/PROBE ASSEMBLY 

FIGUR£3 

-
-
-
-
-

-
-
-
-
-
-

-
-

-



Instrument O~ration Procedure 
FOXBORO ~lode:! 1:!3 

)anuarv, 1991 
Page 11 

.4J Place the instrument in normal operation and allow a minimum of 15 minutes for 

warm-up and stabilization. 

. '2.,1" 
4.4 Set the Gas Select control to.ro. ·1 ...) 

_4.5 Use the zero air cylinder and with the calibrate adjust zero knob adjust the meter 

reading to zer~. 

~ Place instrument in normal operation with calibrate switch set to XlO and ~as select 

control set to 300. 

4.7 Introdu~e a methane sample of a known concentration (between 90 and 100 ppm, 

not to exceed 100 ppm) and adjust trim pot R-32 so the meter reading corresponds to the 

known sample . 

..4....B The instrument bas been calibrated for methane with the panel mounted gain 

adjustment (gas select) set at reference 300. 

~ Tum off hydrogen supply valve to put out the flame . 

.1J..Q Leave calibrate switch on XlO position and use calibrate adj.ust (zero) knob to 

adjust meter reading to 4 ppm. 

4.11 Place calibrate switch in Xl position and using trim pot R-31 adjust meter reading 

to 4ppm . 

. 4.12 Move calibrate switch to XlO position again. use calibrate adjust (zero) knob to 

adjust meter to a reading of 40 ppm. 

4.13 Move calibrate switch to X100 position and use trim pot R-33 to adjust meter 

reading 40 ppm. 

4.14 Move calibrate adjust (zero) knob to' adjust meter reading to zero. 

ill Unit is now balanced from range, calibrated to methane, and ready to use. 

EVK.fcvk./MAL 

fSAT'"E'rf:IOPS FOXOORO OV/\ Model 123) 
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Effective: 5· 23 ·'11 

ALKALINITY- AUTOANALyz:ER 

Scope and Application: This method is applicable to drinking water, surface water, 
groundwater and wastewater. 

Reference: EPA 1983, Method 310.2 Lachat Instruments 1988, Method 10-303-31-1-A 

Sample Handling: Refrigerate at 4°C and analyze within 14 days of collection. 

Detection Limit 10 mg!L as CaC03 

Optimum Range: 10 - 500 mg!L 

· Instrument Conditions: 

1. Pump speed: 35 
2. Cycle period: 40 seconds 
3. Load period: 25 seconds 
4. Inject period: 15 seconds 
5. Inject to start of peak period: 5 seconds 
6. Inject to end of peak period: 44 seconds 
7. Gain: 150 x 10 
8. Zero: 180 
9. Interference filter: 410 nm 
10. Sample loop: 90 em 
11. Standards for curve set-up: 0, 20, 50, 100,250,500 mg!L. 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated.) 

1. Degassed Milli-Q water- 2 options: 

a. Boil Milli-Q water vigorously for 5 minutes. Cool and store in cubitainer. 

b. Bubble helium, using the fritted gas dispersion tube, through the Milli-0 water. 
(15 min/20 L) Store in cubitainer. 

2. Stock alkalinity standard (1000 mg/L as CaCOJ): In a 11iter volumetric flask, 
dissolve 1.060 g of anhydrous primary standard grade sodium carbonate (Na2C03-
dried at 250°C for 4 hours) in approximately 900 mL of helium purged Milli-Q water, 
and dilute to mark. 

3. Standards: (Prepare fresh every month). Dilute to volume using degassed Milli-Q 
water. Refrigerate. 

[WCCONT-202] ALKAAC3-1 



Concentration 
of Standard 

Omg/L 
20mg/L 
50mg/L 

lOOmg/L 
250mg/L 
500mg/L 

CRDLlOmg/L 

Letter 
Identifier 

A 
B 
c 
D 
E 
F 

Volume of 
Alk. Stock 

0 
4.0 
10 
50 

125 
100 

2.0 

Dilute 
·to 

200mL 
200mL 
200mL 
500mL 
500mL 
200mL 

200mL 

Note: Final volumes are not the same! Computer refers to standards by letter. 

4. Hydrochloric add (OJM): In a !liter flask, dilute 8.3 mL of concentrated HCL in 
D.l. water and dilute to the mark. 

5. KHP buffer (0.025 M, pH 3.1): In a 1liter flask, dissolve 5.10 g of primary standard 
grade potassium acid phthalate (KHP) (KHC8H404) in approximately 800 mL of 
Milli-Q water. Add 70 mL of O.lM HCl, then carefully, add additional acid to bring 
pH to between 3.10 and 3.12. Note: Use only O.lM HCL to adjust the pH of buffer. 
Do not back adjust the pH with NaOH. Vacuum filter through a 0.45 micron 
membrane filter. Store In Glass and Prepare Daily! 

6. Methyl orange reagent: In a 11iter volumetric flask, dissolve 0.125 g of methyl orange 
indicator in about 700 mL of Milli-Q water and dilute to the mark. Mix well and 
vacuum filter through a 0.45 micron membrane filter before each use. Store in amber 
glass! Note: Amount of methyl orange may be adjusted to correct for variances in 
lots of methyl orange. 

Notes: 

1. Samples must be diluted to obtain concentrations within the optimum working range. 

2. The gain and zero settings are guidelines and must be optimized each day. 

3. The alkalinity standards can be combined with chloride and sulfate standards for use 
with the 3 channel method. 

4. Turbidity will interfere. Samples must be filtered prior to analysis. (Use Whatman 
#1 or #4 filter paper.) 

5. Color will interfere, dilute the sample and also spike the dilution to confrrm the 
quality of the result. 

(WCCONT-202) ALKAAC3-2 
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System Operation: 

1. Refer to "Auto Analyzer Operation start-up procedure." (lOP# I.AAC-Section A). 

2. Analyze an initial calibration check standard, a blank, a CRDL standard and a known 
reference standard at the beginning of each run. The blank must be below the 
detection limit and the standards must be within required control limits before any 
samples are analyzed. 

3. Spike samples by mixing sample with an equal volume of 250 mg!L standard (E), for a 
final spike level of 125 mg/L. 

4. The calibration check standard is 100 mg!L (D). 

5. Refer to "Auto Analyzer shut-down procedure". (lOP# I.AAC-Section B). 

Quality Control: 

1. Establish a standard curve with the standards listed above. The derived concentration 
of each calibration must be + 10% of the true value. The derived value for the blank 
must be below the method detection limit. 

2. The CRDL standard concentration should be at the method detection limit (MDL). 
Results must be within the acceptable limits of ± the :MDL or the instrument must be 
re-calibrated before samples are analyzed. 

3. A quality control calibration check standard of 100 mg!L (D) and a blank are to be 
analyzed, at a minimum, after every 10 samples. If less than 10 samples are analyzed, 
a calibration check standard and blank are still required. The last samples analyzed in 
the run are to be the calibration check standard and blank. Standards must be within 
the acceptable ranges and blanks must be below the method detection limit or the 
samples run after the last acceptable calibration check standard and blank are to be 
reanalyzed. 

4. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are 
analyzed, a duplicate and spike are still required. Spike recoveries and duplicates are 
to be within acceptable ranges or data must be flagged appropriately. 

Calculation: 

1. Calculate with Lachat QuikChem software, in the concentration mode, using the IBM 
XT computer. See I.AAC SOP for further detail. 
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AUTOANALYZER 

Scooe and ApPlication: Ions can be readily analyzed by a flow-injection 
autoanalyzer. The flow injection design gives the 
system excellent washout characteristics, to prevent 
carry over and cross contamination. The autoanalyzer 
is generally more sensitive and accurate than the 
manual wet-chemistry techniques. 

Method: Flow injection 

References: Lachat Instruments, 1986. 

Samole Handling: See separate SOP's for requirements. 

Reagents and Apoaratus: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 

lachat 3-channel autoanalyzer 
Stock and standard ion solutions 
Class A volumetric flasks 
Class A volumetric pipets 
Milli-Q water 
Required interference filters 
Disposable 4 ml cups 
Automatic sampler 
Proportioning pump 
Injection module 
Colorimeters 
Manifolds 
Columns - if needed 
Helium cjas 
Computer 
Printer 

Procedure: 

A. Instrument Set-Up 

[C-AA-A] 

I. Depress red power switch on power strip located behind the computer 
terminal. This will turn on the computer, the screen, and the 
printer. 

2. Depress red power switch on rear power strip on lachat system. 

3. Select manifold and make appropriate hydraulic connections. 

Hydraulic connections: 

LAAC-1 
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[C-AA-A] 

-~=========--==--------------------

a. Use correct sample loop length to connect. Lines 1, 4. 

b. Line 2 is carrier line. 

c. Line 3 goes to manifold. 

d. Line 5 goes to waste container. 

e. Line 6 comes from sample probe. 

f. Connect manifold to flow through cell. 

Tension levers should be up when pump tubing is inserted. Snap pump 
tubing cartridges into place. 

4. Insert correct filter. 

5. Pump Milli-Q water through lines for 5 minutes by depressing the 
pump ON button. Check for leaks. 

6. Comouter- At the C> type in "quikcalc". This calls up the Lachat 
software and puts you at the master menu. Press <enter>. 

7. Put lines into reagents and/or degassed Milli-Q water. 

8. Comouter - Select "Load/Stop Background Method" on the master menu. 
Press <enter>. 

9. Select appropriate method. Press <enter>. 

10. Printer should be set at FONT 0. 

11. Pump reagents until a steady baseline is achieved. 

12. When using a method with a column (S04 or N03), the column may be 
inserted at this point. See method SOP's for more details. 

13. For each analytical channel, adjust zero knob so that the baseline 
is near the bottom of the screen (between .000- .030). 

14. Adjust gain while injecting top standard. 

a. 

b. 

c. 

Place autosampler probe into the highest standard bottle. 

After 20-30 seconds, press cycle button on front panel so that 
LED light is red. This is the load position. 

After 25 seconds (or less depending on sample loop size), press 
cycle button so that LED light is green. This is the inject 
position. 

LAAC-2 



[C-AA-A] 

d. Adjust gain knob on detector so that peak reading on the 
colorimetric is 1.700-1.950. 

e. Repeat until gain is properly adjusted. 

f. Wipe probe and replace the autosampler probe into the sampler. 

15. Select menu item by going into foreground. (Press and hold Alt 
key, then press Esc key). 

a. Select "Sample Tray Information and Start Analysis" on master 
menu. Press <enter>. 

b. Press <enter> or type in sample tray reference number if it is 
a tray which has already been typed in. 

c. Enter tray ID and operator. Check "Display Standards Position 
in Tray" to insure the tray is set-up properly. 

d. Select "Enter Sample ID's". Press <enter>. 

e. Type in sample information. Check standards will automatically 
be placed in the tray information portion. 

f. Press Esc once to return to menu. 

16. Put tray with samples in appropriate cup locations on autosampler. 
Position try to the cup containing standard A (usually #35 or so). 
Select "Start Analysis." Press <enter>. 

17. The second screen will ask if the tray has standards or not. If 
you standardized the first tray of the run and all the check 
standards are within QC ranges, recalibration for the next tray is 
not necessary. Select appropriate option. Press <enter>. 

18. Press Alt, Esc keys together, to get back to background to view the 
calibration peaks. 

After calibration is complete: 

go into the foreground (Press Alt, Esc keys) 

select "display calibration graph" (Press <enter>) 

review the data 

return to the background (Press Alt, Esc keys) 
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- press "G" for good calibration. Analysis will continue. 

- press "R" for re-calibration. Remember to refill standard 
cups and reposition sample tray before pressing "R"l 

B. Instrument Shut-Down 

1. Press Alt/Esc keys to get to the foreground. Select "Load/Stop 
Background Method". Press <enter>. To question-"Stop background 
(Y/N)?" Press "Yes". Press Esc key to return to main menu. 

2. If column is used, stop the pump and disconnect from manifold. 

3. Pull lines from reagents into a wash beaker of D.I .. 

4. Pump D.I. through lines for 2-5 minutes. 

5. Pump air through lines until manifold. is dry. 

6. Turn off pump. 

7. Release tubing cartridges and lower tension levers. Release 
tubing. 

8. Turn off main switch on rear power strip. 

9. Empty and rinse waste containers, if necessary. 

10. Perform back-up on current data files, once a week. (See 
Section C) 

11. Turn off the c~mputer and printer. 

C. Backing-up the Data Files 

[C-AA-A] 

1. Exit to DOS 

2. At C> Type: cd\fialab\data Press <enter> 

3. 

4. 

5. 

* At C> Type: copy .rpt a: Press <enter> 
After everything is copied - remove disc. 

At C> Type: del *.* Press <enter> 

A\e you sure (Y/N)? Type: Y Press <enter> 

6. At C> Type: cd\ Press <enter> 

7. Turn off the red switch on the computer power strip to turn off the 
computer, printer and screen. 

' 
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D. Ouikchem Calibration 

[C-AA-A] 

QuikCalc II uses a calibration technique called multisegment linear 
fitting which gives extensive flexibility to the user. It allows the 
calibration curve to be defined in terms of individual linear segments 
which can span each of several standards. Following processing of the 
calibration standards, a correlation coefficient is calculated for each 
segment with more than two standards or replicates. It provides 
important statistical information about each segment and gives the user 
a high degree of confidence in the determined sample values. See 
Figure 1. 
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Problem: 

Negative peak 

D 
Reproduceable dip when valve 
switches (before peak) 

[KJ 
Odd looking peaks 

Peak cut off in window 

[QJ 
Reproduceable dip after peak 

[KJ 
Small intermittent peaks 

D 

Cause: 

1. Contaminated carrier 
2. Bad or no S04 column or sample 

extremely high in hardness 
3. Samples high in oxidizing agents 

1. Bad color reagent 
2. Could also be valve turning artifact caused 

by a highly colored reagent 

1. Index of refraction problem, matrix related 
(usually acid or pH buffering) 

2. Also method interferences: high hardness 
on S04 method, oxidizing samples on 
nitrate method 

3. Bad reagents 

1. Flow problem 
2. Precipitate build-up on S04 manifold 

tubing 

1. Usually flow problem 
2. Valve not set to an initial load position 

state before starting run 
3. Incorrect pump setting or other timing 

problem 

1. Reagents exceeded-reagents improperly 
prepared 

2. Standards incorrectly prepared 

1. Bad column 

1. Milli-Q or reagents not degassed properly 
or adequately 

2. Waste line coil not installed (for the 
methods which require it) 

Three basic areas of troubleshooting: 
1. Fluidics (clogs, old pump tubing, crimp in manifold tubing) 
2. Chemistry 
3. Timing (not usually a problem after initial development) 

BLH/rff 
[rff-genpol-604] 
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AppendixB2 

Chloride 



Effective: 5- ('-1-C,/ 

CHLORIDE- AUI'OANAL'YZER 

Scope and Application: This method is applicable to drinking water, surface water, 
groundwater and wastewater. 

Reference: EPA 1983, Method 325.2 
Lachat Instruments 1987, Method 10-117-07-1-B 

Detection IJmit: 2 mg/L. 

Optimum Range: 2 - 100 mg'L 

Sample Handling: Refrigerate at 4°C and analyze within 28 days of collection. 

Instrument Conditions: 

1. Pump speed: 35 
2. Cycle period: 30 seconds 
3. Load period: 8 seconds 
4. Inject period: 15 seconds 
5. Inject to start of peak period: 8 seconds 
6. Inject to end of peak period: 31 seconds 
7. Gain: 200 
8. Zero: 250 
9. Interference filter: 480 run 
10. Sample loop: 20 em 
11. Standards for curve set-up: 0, 10, 20, 50, 80, and 100 mg'L 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwi~e stated.) 

. 1. Degassed Milli-Q water - 2 options: 

a. Boil Milli-Q water vigorously for 5 minutes. Cool and store in cubitainer. 

b. Bubble helium, using the fritted gas dispersion tube, through the Milli-Q water 
(15 min/20 L) Store in cubitainer. 

2. Stock chloride standard (1000 mg{L): Dry 2 g of primary grade sodium chloride 
(NaO) at 140°C overnight. In a 1 liter volumetric flask, dissolve 1.648 g of dried 
primary grade sodium chloride (NaO) in 500 mL D.I. water. Dilute to the mark and 
mvert to mix. Refrigerate. 

3. Standards: (Prepare fresh every month). Dilute to volume using D.l. water. 
Refrigerate. 
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Concentration Letter Volume of Dilute 
of Standard Identifier Chloride Stock (ml) to 

Omg/L A 0 200mL -lOmg!L B 2.0 200mL 
20mg!L c 4.0 200mL 
50mg/L D 25 500mL 
80mg/L E 40 500mL 

lOOmg/L F 20 200mL 

CRDL2mg/L 2.0 lOOOmL 

Note: Computer refers to standards by letter. Final volumes are not the same! -4. Stock mercuric thiocyanate reagent: In a lliter volumetric flask, dissolve 4.17 g of 
mercuric thiocyanate (Hg(SCN)2) in one liter of methanol. Invert to mix. Store in 
amber glass. Refrigerate. -

Caution: Mercury is a very toxic metal. Wear gloves! 

5. Stock fenic nitrate reagent (0.5M): In a 1 liter volumetric flask, dissolve 202.0 g of 
ferric nitrate (Fe(N03)3) · 9H40 in apP.roximately 800 mL of deionized water. Add 
25 mL of concentrated nitric acid and dilute to one liter. Invert to mix. Refrigerate. 

6. Combined color reagent: Mix 150 mL of stock mercuric thiocyanate solution with 
150 mL of stock ferric nitrate reagent and dilute to 1000 mL with deionized water. 
Vacuum filter through a 0.45 micron membrane filter. Store at room temperature. 
Do Not Refrigerate. 

-
... 

Notes: ... 

1. Samples must be diluted to obtain concentrations within the optimum working 
range. 

2. The gain and zero settings are guidelines and must be optimized each day.-

3. The chloride standards may be combined with alkalinity and sulfate standards for 
use with the 3 channel method. 

4. Any sample with turbidity must be filtered prior to analysis. (Use Whatman #1 or 
#4 filter paper.) Record on data sheet. 

5. Color is an interference, dilute the sample and also spike the dilution to confirm the 
quality of the result. Record on the data sheet. 
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System Operation: 

1. Refer to "Auto Analyzer Operation start-up procedure." (lOP# IAAC 
Section A). 

2. Analyze an initial calibration check standard, a blank, a CRDL standard and a 
known reference standard at the beginning of each run. The blank must be below 
the detection limit and the standards must be within required control limits before 
any samples are analyzed. 

3. To spike samples, mix equal volumes of sample and 80 mg!L Cl standard (E) for a 
final spike level of 40 mg!L Cl. 

4. The calibration check standard is 50 mg!L (D). 

5. Refer to "Auto Analyzer shut-down procedure". (lOP# IAA-Section B). 

Quality Control: 

1. 

2. 

3. 

4. 

Establish a standard curve with the standards listed above. Note that the calibration 
curve is calculated in a "piece-wise" fashion and is not linear. Be sure that 
calibration points describe a smooth curve. 

The CRDL standard concentration should be at the method detection limit (MDL). 
Results must be within the acceptable limits of± the MDL or the instrument must be 
re-calibrated before samples are analyzed. 

A quality control calibration standard of 50.0 mg!L and a blank are to be analyzed, at 
a minimum, after every 10 samples. If less than 10 samples are analyzed, a 
calibration standard and blank are still required. The last samples analyzed in the 
run are to be the cahoration standard and blank. These standards must be within the 
acceptable ranges or the samples run after the last acceptable check standard are to 
be reanalyzed. 

Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are 
analyzed, a duplicate and spike are still required. Spike recoveries and duplicates 
are to be within acceptable ranges or data must be flagged appropriately. 

Calculation: 

1. Calculate with Lachat QuikChem software, in the concentration mode, using the 
lliM XT computer. See lAA SOP for further detail. 
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AUTOANALYZER 

Scooe and Aoolication: Ions can be readily analyzed by a flow-injection 
autoanalyzer. The flow injection design gives the 
system excellent washout characteristics, to prevent 
carry over and cross contamination. The autoanalyzer 
is generally more sensitive and accurate than the 
manual wet-chemistry techniques. 

Method: Flow injection 

References: Lachat Instruments, 1986. 

Samole Handling: See separate SOP's for requirements. 

Reagents and Apoaratus: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 

Lachat 3-channel autoanalyzer 
Stock and standard ion solutions 
Class A volumetric flasks 
Class A volumetric pipets 
Milli-Q water 
Required interference filters 
Disposable 4 ml cups 
Automatic sampler 
Proportioning pump 
Injection module 
Colorimeters 
Manifolds 
Columns - if needed 
Helium gas 
Computer 
Printer 

Procedure: 

A. Instrument Set-Up 

[C-AA-A] 

1. Depress red power switch on power strip located behind the computer 
terminal. This will turn on the computer, the screen, and the 
printer. 

2. Depress red power switch on rear power strip on Lachat system. 

3. Select manifold and make appropriate hydraulic connections. 

Hydraulic connections: 
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[C-AA-A] 

a. Use correct sample loop length to connect. Lines 1, 4. 

b. Line 2 is carrier line. 

c. Line 3 goes to manifold. 

d. Line 5 goes to waste container. 

e. Line 6 comes from sample probe. 

f. Connect manifold to flow through cell. 

Tension levers should be up when pump tubing is inserted. Snap pump 
tubing cartridges into place. 

4. Insert correct filter. 

5. Pump Milli-Q water through lines for 5 minutes by depressing the 
pump ON button. Check for leaks. 

6. Computer- At the C> type in "quikcalc". This calls up the Lachat 
software and puts you at the master menu. Press <enter>. 

1. Put lines into reagents and/or degassed Milli-Q water. 

8. Computer - Select "Load/Stop Background Method" on the master menu. 
Press <enter>. 

9. Select appropriate method. Press <enter>. 

10. Printer should be set at FONT 0. 

11. Pump reagents until a steady baseline is achieved. 

12. When using a method with a column {S04 or N03), the column may be 
inserted at this point. See method SOP's for more details. 

13. For each analytical channel, adjust zero knob so that the baseline 
is near the bottom of the screen (between .000- .030). 

14. Adjust gain while injecting top standard. 

a. 

b. 

c. 

Place autosampler probe into the highest standard bottle. 

After 20-30 seconds, press cycle button on front panel so that 
LED light is red. This is the load position. 

After 25 seconds (or less depending on sample loop size), press 
cycle button so that LED light is green. This is the inject 
position. 

LAAC-2 



[C-AA-A] 

d. Adjust gain knob on detector so that peak reading on the 
colorimetric is 1.700-1.950. 

e. Repeat until gain is properly adjusted. 

f. Wipe probe and replace the autosampler probe into the sampler. 

15. Select menu item by going into foreground. (Press and hold Alt 
key, then press Esc key). 

a. Select "Sample Tray Information and Start Analysis" on master 
menu. Press <enter>. 

b. Press <enter> or type in sample tray reference number if it is 
a tray which has already been typed in. 

c. Enter tray ID and operator. Check "Display Standards Position 
in Tray" to insure the tray is set-up properly. 

d. Select "Enter Sample !D's". Press <enter>. 

e. Type in sample information. Check standards will automatically 
be placed in the tray information portion. 

f. Press Esc once to return to menu. 

16. Put tray with samples in appropriate cup locations on autosampler. 
Position try to the cup containing standard A (usually #35 or so). 
Select "Start Analysis." Press <enter>. 

17. The second screen will ask if the tray has standards or not. If 
you standardized the first tray of the run and all the check 
standards are within QC ranges, recalibration for the next tray is 
not necessary. Select appropriate option. Press <enter>. 

18. Press Alt, Esc keys together, to get back to background to view the 
calibration peaks. 

After calibration is complete: 

go into the foreground (Press Alt, Esc keys) 

select "display calibration graph" (Press <enter>) 

review the data 

return to the background {Press Alt, Esc keys) 
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- press "G" for good calibrati6n. Analysis will continue. 

- press "R" for re-calibration. Remember to refill stand~rd 
cups and reposition sample tray before pressing "R"! 

B. Instrument Shut-Down 

1. 

2. 

3. 

4. 

5. 

6. 

Press Alt/Esc keys to get to the foreground. Select "Load/Stop 
Background Method". Press <enter>. To question-"Stop background 
(Y/N)?" Press "Yes". Press Esc key to return to main menu. 

If column is used, stop the pump and disconnect from manifold. 

Pull lines from reagents into a wash beaker of D.I .. 

Pump D.I. through lines for 2-5 minutes. 

Pump air through lines until manifold is dry. 

Turn off pump. 

7. Release tubing cartridges and lower tension levers. Release 
tubing. 

8. Turn off main switch on rear power strip. 

9. Empty and rinse waste containers, if necessary. 

10. Perform back-up on current data files, once a week. (See 
Section C) 

11. Turn off the co_mputer and printer. 

C. Backing-uo the Data Files 

[C-AA-A] 

1. Exit to DOS 

2. At C> Type: cd\fialab\data Press <enter> 

3. At C> Type: copy *.rpt a: Press <enter> 
After everything is copied - remove disc. 

4. At C> Type: del *.* Press <enter> 

5. Are you sure (Y/N)? Type: Y Press <enter> 

6. At C> Type: cd\ Press <enter> 

7. Turn off the red switch on the computer power strip to turn off the 
computer, printer and screen. 

LAAC-4 



0. Ouikchem Calibration 

[C-AA-A] 

QuikCalc II uses a calibration technique called multisegment linear 
fitting which gives extensive flexibility to the user. It allows the 
calibration curve to be defined in terms of individual linear segments 
which can span each of several standards. Following processing of the 
calibration standards, a correlation coefficient is calculated for each 
segment with more than two standards or replicates. It provides 
important statistical information about each segment and gives the user 
a high degree of confidence in the determined sample values. See 
Figure 1. 
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Problem: 

Negative peak 

D 
Reproduceable dip when valve 
switches (before peak) 

[ill 
Odd looking peaks 

Peak cut off in window 

[ill 
Reproduceable dip after peak 

lliJ 
Small intermittent peaks 

D 

Cause: 

1. Contaminated carrier 
2. Bad or no S04 column or sample 

extremely high in hardness 
3. Samples high in oxidizing agents 

1. Bad color reagent 
2. Could also be valve turning artifact caused 

by a highly colored reagent 

1. Index of refraction problem, matrix related 
(usually acid or pH buffering) 

2. Also method interferences: high hardness 
on S04 method, oxidizing samples on 
nitrate method 

3. Bad reagents 

1. Flow problem 
2. Precipitate build-up on S04 manifold 

tubing 

1. Usually flow problem 
2. Valve not set to an initial load position 

state before starting run 
3. Incorrect pump setting or other timing 

problem 

1. Reagents exceeded-reagents improperly 
prepared 

2. Standards incorrectly prepared 

1. Bad column 

1. Milli-Q or reagents not degassed properly 
or adequately 

2. Waste line coil not installed (for the 
methods which require it) 

Three basic areas of troubleshooting: 
1. Fluidics (clogs, old pump tubing, crimp in manifold tubing) 
2. Chemistry 
3. Timing (not usually a problem after initial development) 

BLH/rff 
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AppendixB3 

Sulfate 



Effective: S ... 2. 3 - 9 J 

SULFATE- AUTOANALyz"ER 

Scope and Application: This method is applicable to drinking water, surface water, 
groundwater and wastewater. 

Reference: EPA 1989, Method 375.2 
Lachat Instruments 1989, Method 10-116-10-2-B 

Detection Limit: 10 mg!L. 

Optimum Range: 10 - 200 mg!L 

Sample Handling: Refrigerate at 4°C and analyze within 28 days of collection. 

Instroment Conditions: 

1. Pump speed: 35 seconds 
2. Load period: 10 seconds 
3. Inject period: 30 seconds 
4. Inject to start of peak period: 10 seconds 
5. Inject to end of peak period: 56 seconds 
6. Cycle period: 50 seconds 
7. Gain: 700 
8. Zero: 200 
9. Interference filter: 460 nm 
10. Sample loop: 10 em 
11. Standards for curve set-up: 0, 25, 50, 100, 150, 200 mg!L. 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated.) 

1. ~sing with helium- 2 options: 

a. Boil Milli-0 water vigorously for 5 minutes. Cool and store in cubitainer. 
b. Bubble helium, using the fritted gas dispersion tube, through the Milli-0 water 

(15 min/20 L) Store in cubitainer. 

2. Carrier (0.3 ppm S04): In a 1liter volumetric flask, add 0.3 mL of 1000 ppm stock 
sulfate solution and dilute to mark with degassed Milli-0 water. 

3. Barium chloride solution (6.24mM): In a 1liter volumetric flask, dissolve 1.526 g of 
barium chloride dihydrate (BaCl2·2H20) in 500 mL of Milli-0 water and dilute to 1 
liter. 

4. Hydrocbloric: acid (LON): In a 100 mL volumetric flask, containing approximately 
80 mL of Milli-0 water, add 8.3 mL of concentrated hydrochloric acid and dilute to 
the mark with Milli-0 water. 

5. Barium· MfB color reagent: (The purity of the methylthymol blue and the alcohol 
can be critical. Use the sources stated below). 

[WCCONT-246] S04AAC3-1 
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In a dry 1000 mL volumetric flask, place 0.2364* g of inethylthymol blue (3', 3" bis-N, 
N-bis carboxymethyl)-amino methylthymolsulfon-ephthalein pentasodium salt 
(Kodak No. 8068). Add 50 mL of barium chloride solution ("3" above). The 
solution may be used to aid in the transfer of the dye. Swirl to dissolve. Add 8.0 mL 
of the l.ON HCL solution ("4" above) and mix- solution may turn orange. Add 
142 mL deionized water and dilute to 1000 mL with ethanol (Aldrich 24.511.9) Mix. 
The pH of this solution should be 2.5. Prepare this solution the day before use and 
store it refrigerated in an amber bottle. 

• Strength of reagent varies with lot number. The optimum weight of reagent used 
must be determined specifically for each new lot of MTB to maintenance consistent 
method sensitivity. This weight is determined by I..achat and supplied with each batch 
purchased. 

6. Sodium hydroxide (SK, stock solution): Cautiously dissolve 500 g of sodium 
hydroxide (NaOH) in 600 mL of Milli-Q water. Cool and dilute to 1liter. Store in 
plastic bottle. Caution: The solution will become very hot! 

7. Sodium hydroxide (0.18 N): In a 1·liter volumetric flask, add 14.4 mL of 50% sodium 
hydroxide ("6" above) to degassed Milli-Q water, and dilute to the mark. 

8. Bufl'ered EDTA (for cleaning manifold): In a 1liter volumetric flask, dissolve 6.75 g 
ammonium chloride (Nli4Cl) in 500 mL DI water. Add 57 mL concentrated 
ammonium hydroxide and 40.0 g tetrasodium EDTA dihydrate. Dissolve by swirling; 
dilute to the mark with DI water. 

9. SuJfate stock (1000 mg!L): Dry approximately 2 g of sodium sulfate (Na2S04) at 
105°C for 2 hours. Cool in a desiccator. In a 11iter volumetric flask, dissolve 1.479 g 
of the dried sodium sulfate in Milli-Q water and dilute to 11iter. (1.0 mL = 1.0 mg 
S04). 

10. Working standard: (Prepare fresh every month). Dilute to volume using degassed 
Milli-Q water. Refrigerate. 

Concentration Letter Volume of Dilute 
of Standard Identifier. Sulfate Standard to 

Omg!L A 0 200mL 
25 mg/L B 5.0 200mL 
50mg!L c 10 200mL 

100mg!L D 50 500mL 
150mg!L E 75 500mL 
200mg!L F 40 200mL 

CRDL10mg!L 2.0 200mL 

Note: Final volumes are not the same! Computer refers to standards by letter. 
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Preparation oflon Exchange Column: 

1. Make a slurry of approximately 0.5 g of BioRex 70, 50-100 mesh ion exchange resin in 

Milli-Q water. 

2. Remove one column end from the glass column. Fill the column with water, then 

aspirate the slurry or allow it to settle by gravity to pack the column. Take care to 

avoid trapping air bubbles in the column and its fittings at this point and all 

subsequent operations. 

3. After the resin has settled, replace the end fitting. To ensure a good seal, remove any 

resin particles from the threads of the glass, the column end and the end fittings. To 

store the column, the ends of the Teflon tubing may be joined with a union. 

4. To test the effectiveness of the column, make up a standard of pure sodium sulfate 

and compare its peak height to an identical standard with hardness typical of the 

samples added. If the column is being depleted, the standard with hardness will read 

lower because the divalent cations are complexing the free MfB. The concentration 

of the standard should be mid-range. If depletion has occurred, repack the column 

with fresh resin. 

5. Regenerating Resin: Batch regeneration is recommended because the hydrogen form 

of BioRex 70 can swell considerable more than the sodium form. Collect the used 

resin in a small beaker or flask. Wash with dilute HCL until the wash tests free of 

calcium and/or magnesium. This procedure removes the divalent cations by 

converting the carboxylate exchange group to the protonated form - COOH. Convert 

the resin back to the sodium form by neutralizing with washes of 0.5M NaOH until 

the wash has a pH of 9 or greater. Rinse with deionized water for storage or 

repacking. A column may be used for 3-4 trays (approximately 150 samples) before it 
needs to be replaced. 

Notes: 

1. 

2. 

3. 

4. 

4. 

Samples must be diluted to obtain concentrations within the optimum working range. 

Sulfate standards may be combined with alkalinity and chloride standards for use with 

the 3-channel method. 

The gain and zero settings are guidelines and must be optimized each day. 

All coils (including waste coil) must be changed at least once each quarter to prevent 

build-up in lines. 

lnterferences: 

The cation exchange column removes multivalent cations. Run a mid-range 

sulfate standard containing a typical concentration of CaC03 periodically to 

check performance. Any decrease in peak height should indicate the need to 

reg~l!era.te or replace the resin. (At 600 ppm CaC03, the column is good for 80 
+ lDJeCtlOnS.) 
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Samples with pH < 2 should be neutralized. High acid concentrations can 
displace multivalent cations from the column. 

Color will interfere. Dilute the sample and also spike the dilution to confirm the 
quality of the result. Record on the data sheet. 

Turbidity- turbid samples may be filtered (use Whatman #1 or #4 filter paper) 
prior to analysis on Lachat. 

Orthophosphate also forms a precipitate with barium at high pH. Check the 
response of pure orthophosphate standards, if samples are known to be high in 
phosphate. 

5. Troubleshooting: Baseline noise with reagents pumping. 

a. Noise with column in line but good baseline without column. 

Repack column, air bubbles may be causing pulsing. 

Check flow fit connectors and end fittings on column for blockage or leaks. 

b. Noise with and without column in line. 

Degas carrier and/or reagents. Fine bubbles cause sharp spikes on baseline. 

• Place a longer piece of manifold tubing on the outlet of the flow cell leading 
to the waste container. This method requires the use of the screw type flow 
cell. 

Replace the pump tubes. The silicone tube, used for the color reagent, wears 
faster than the PVC pump tubes. 

With water pumping in the lines, check all hydraulic connections for 
blockages, leaks, etc. 

Baseline drift: 

1. Clean the manifold with the buffered EDTA 

2. Turn the gain high and use the shortest sample loop possible. This improves the 
linearity of the calibration curve, prolongs the useful life of the column, and 
minimizes the build up of BaS04 on the manifold tubing. 

System Operation: 

1. Refer to "Auto Analyzer Operation start-up procedure." 
(SOP# IAAC-Section A). 
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2. 

3. 

4. 

5. 

6. 

PumP. reagents through the lines before inserting th~ column. Use a short pie~e o~ 
manifold tubing in place of the column. When all atr has passed and the baselir~e IS 

steady, tum off the pump and insert the column. The column s~ould be pla~ed m a 
vertical position with flow in the top and out the bottom. In this configuration, the 
column will operate effectively even if the resin packs down more to leave a gap at the 

top. Resume pumping. 

Analyze an initial calibration check standard, a blank, a CRDL standard and a known 
reference at the beginning of each run. The blank must be less than the detection 
limit and the standards must be within required control limits before any samples are 

analyzed. 

To spike: Mix equal volumes of sample and 150 mg!L standard (E) for a final spike 
level of 75 mg!L. 

The calibration check standard is 100 mg!L (D). 

To shut down, tum off pump and remove the column. 

To remove the column: 

a. 
b. 
c. 
d. 
e. 
f. 
g. 

Turn off the pump. 
Remove the column. 
Join ends of the column with a union. 
Replace the column on the manifold with the short teflon tubing piece. 
Rinse manifold with Milli-Q water. 
Rinse manifold with EDTA cleaning solution. 
Continue with "Auto Analyzer Shut-down procedures" 
(SOP # lAAC-Section B). 

Quality Control: 

1. Establish a standard curve with the standards listed above. Note that the calibration 
curve is calculated in a "piece-wise" fashion and is not linear. Be sure that 
calibration points describe smooth curve. If not, necessary troubleshooting m}lst be 
performed before continuing (check reagents, pump tubing, valves, etc.). 

2. The CRDL standard concentration should be at the method detection limit (MDL). 
Results must be within the acceptable limits of± the :MDL or the instrument must be 
recalibrated before samples are analyzed. 

3. A quality control calibration check standard of 100 mg!L and a blank are to be 
analyzed, at a minimum, after every 10 samples. If less than 10 samples are analyzed, 
a calibration check standard and blank are still required. The last samples analyzed in 
the run are to be the calibration check standard and blank. Standards must be within 
the acceptable ranges and blanks must be below the method detection limit or the 
samples run after the last acceptable calibration check standard and blank are to be 
reanalyzed. 

[WCCONT-246) S04AAC3-5 



4. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are 
analyzed, a duplicate and spike are still required. Spike recoveries and duplicates are 
to be within acceptable ranges or data must be flagged appropriately. 

Calculation: 

1. Calculate with Lachat QuikChem software, in the concentration mode, using the IBM 
XT computer. See LAAC SOP for further detail. 
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AUTOANALYZER 

Scooe and Aoplication: Ions can be readily analyzed by a flow-injection 
autoanalyzer. The flow injection design gives the 
system excellent washout characteristics, to prevent 
carry over and cross contamination. The autoanalyzer 
is generally more sensitive and accurate than the 
manual wet-chemistry techniques. 

Method: Flow injection 

References: lachat Instruments, 1986. 

Sample Handling: See separate SOP's for requirements. 

Reagents and Apparatus: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 

lachat 3-channel autoanalyzer 
Stock and standard ion solutions 
Class A volumetric flasks 
Class A volumetric pipets 
Milli-Q water 
Required interference filters 
Disposable 4 ml cups 
Automatic sampler 
Proportioning pump 
Injection module 
Colorimeters 
Manifolds 
Columns - if needed 
Helium gas 
Computer 
Printer 

Procedure: 

A. Instrument Set-Up 

[C-AA-A] 

1. 

2. 

3. 

Depress red power switch on power strip located behind the computer 

terminal. This will turn on the computer, the screen, and the 

printer. 

Depress red power switch on rear power strip on Lachat system. 

Select manifold and make appropriate hydraulic connections. 

Hydraulic connections: 

LAAC-1 



[C-AA-A] 

a. Use correct sample loop length to connect. Lines 1, 4. 

b. Line 2 is carrier line. 

c. Line 3 goes to manifold. 

d. Line 5 goes to waste container. 

e. Line 6 comes from sample probe. 

f. Connect manifold to flow through cell. 

Tension levers should be up when pump tubing is inserted. Snap pump 
tubing cartridges into place. 

4. Insert corr.ect filter. 

5. Pump Milli-Q water through lines for 5 minutes by depressing the 
pump ON button. Check for leaks. 

6. Computer- At the C> type in "quikcalc". This calls up the Lachat 
software and puts you at the master menu. Press <enter>. 

7. Put lines into reagents and/or degassed Milli-Q water. 

8. Computer - Select "Load/Stop Background Method" on the master menu. 
Press <enter>. 

9. Select appropriate method. Press <enter>. 

10. Printer should be set at FONT 0. 

11. Pump reagents until a steady baseline is achieved. 

12. When using a method with a column {S04 or N03), the column may be 
inserted at this point. See method SOP's for more details. 

13. For each analytical channel, adjust zero knob so that· the baseline 
is near the bottom of the screen {between .000- .030). 

14. Adjust gain while injecting top standard. 

a. Place autosampler probe into the highest standard bottle. 

b. 

c. 

After 20-30 seconds, press cycle button on front panel so that 
LED light is red. This is the load position. 

After 25 seconds (or less depending on sample loop size), press 
cycle button so that LED light is green. This is the inject 
position. 
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[C-AA-A] 

d. Adjust gain knob on detector so that peak reading on the 
colorimetric is 1.700-1.950. 

e. Repeat until gain is properly adjusted. 

f. Wipe probe and replace the autosampler probe into the sampler. 

15. Select menu item by going into foreground. (Press and hold Alt 
key, then press Esc key). 

a. Select "Sample Tray Information and Start Analysis" on master 
menu. Press <enter>. 

b. Press <enter> or type in sample tray reference number if it is 
a tray which has already been typed in. 

c. Enter tray ID and operator. Check "Display Standards Position 
in Tray" to insure the tray is set-up properly. 

d. Select "Enter Sample !D's". Press <enter>. 

e. Type in sample information. Check standards will automatically 
be placed in the tray information portion. 

f. Press Esc once to return to menu. 

16. Put tray with samples in appropriate cup locations on autosampler. 
Position try to the cup containing standard A (usually #35 or so). 
Select "Start Analysis." Press <enter>. 

17. The second screen will ask if the tray has standards or not. If 
you standardized the first tray of the run and all the check 
standards are within QC ranges, recalibration for the next tray is 
not necessary. Select appropriate option. Press <enter>. 

18. Press Alt, Esc keys together, to get back to background to view the 
calibration peaks. 

After calibration is complete: 

go into the foreground (Press Alt, Esc keys) 

select "display calibration graph" (Press <enter>) 

review the data 

return to the background (Press Alt, Esc keys) 

LAAC-3 



press "G" for good calibrati6n. Analysis will continue. 

- press "R" for re-calibration. Remember to refill standard 
cups and reposition sample tray before pressing "R"! 

B. Instrument Shut-Down 

1. Press Alt/Esc keys to get to the foreground. Select "Load/Stop 
Background Method". Press <enter>. To question-"Stop background 
(Y/NJ?" Press "Yes". Press Esc key to return to main menu. 

2. If column is used, stop the pump and disconnect from manifold. 

3. Pull lines from reagents into a wash beaker of D.I .. 
I 

4. Pump D.I. through lines for 2-5 minutes. 

5. Pump air through lines until manifold is dry. 

6. Turn off pump. 

7. Release tubing cartridges and lower tension levers. Release 
tubing. 

8. Turn off main switch on rear power strip. 

9. Empty and rinse waste containers, if necessary. 

10. Perform back-up on current data files, once a week. (See 
Section C) 

11. Turn off the computer and printer. 

C. Backing-up the Data Files 

[C-AA-A] 

1. Exit to DOS 

2. At C> Type: cd\fialab\data Press <enter> 

3. At C> Type: copy *.rpt a: Press <enter> 
After everything is copied - remove disc. 

4. At C> Type: del *.* Press <enter> 

5. Are you sure (Y/N)? Type: Y Press <enter> 

6. At C> Type: cd\ Press <enter> 

7. Turn off the red switch on the computer power strip to turn off the 
computer, printer and screen. 
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D. Ouikchem Calibration 

[C-AA-A] 

QuikCalc II uses a calibration technique called multisegment linear 

fitting which gives extensive flexibility to the user. It allows the 

calibration curve to be defined in terms of individual linear segments 

which can span each of several standards. Following processing of the 

calibration standards, a correlation coefficient is calculated for each 

segment with more than two standards or replicates. It provides 
important statistical information about each segment and gives the user 

a high degree of confidence in the determined sample values. See 
Figure 1. 

LAAC-5 
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Problem: 

Negative peak 

D 
Reproduceable dip when valve 
switches (before peak) 

WJ 
Odd looking peaks 

Peak cut off in window 

[EJ 
Reproduceable dip after peak 

[KJ 
Small intermittent peaks 

D 

Cause: 

1. Contaminated carrier 
2. Bad or no S04 column or sample 

extremely high in hardness 
3. Samples high in oxidizing agents 

1. Bad color reagent 
2. Could also be valve turning artifact caused 

by a highly colored reagent 

1. Index of refraction problem, matrix related 
(usually acid or pH buffering) 

2. Also method interferences: high hardness 
on S04 method, oxidizing samples on 
nitrate method 

3. Bad reagents 

1. Flow problem 
2. Precipitate build-up on S04 manifold 

tubing 

1. Usually flow problem 
2. Valve not set to, an initial load position 

state before starting run 
3. Incorrect pump setting or other timing 

problem 

1. Reagents exceeded-reagents improperly 
prepared 

2. Standards incorrectly prepared 

1. Bad column 

1. Milli-Q or reagents not degassed properly 
or adequately 

2. Waste line coil not installed (for the 
methods which require it) 

Three basic areas of troubleshooting: 
1. Fluidics (clogs, old pump tubing, crimp in manifold tubing) 

2. Chemistry 
3. Timing (not usually a problem after initial development) 

BLH/rff 
[rff-genpol-604] 



AppendixB4 

Total Dissolved Solids 



Effective Date:_-=5'----3_-_9~/ __ 

TOTAL DISSOLVED SOLIDS 

Scope and Application: This method is applicable to drinking water, surface water, 
groundwater, and domestic and industrial wastewaters. 

Method: Gravimetric, dried at 180°C. 

Reference: EPA 1983, Method 160.1 

Detection Limit: 10 mg!L (using a 100 mL sample volume) 

Sample Handling: Refrigerate at 4°C and analyze sample within 7 days of sampling. 

Reagents and Apparatus: 

1. Glass fiber filters, Whatman GF/C 
2. Gelman filtration funnel and support 
3. Suction flask, 1000 mL 
4. Porcelain evaporating dishes 
5. Volumetric p1pet, 50 mL 
6. Drying oven at 180°C ± 2°C 
7. Desiccator 
8. Analytical balance 
9. Deionized water 

Notes: 

1. Interferences: Samples with hi~ concentrations of bicarbonate, Ca, Mg, Cl, and 
S04 will require prolonged drymg, desiccation, and rapid weighing. 

2. Total residue should be < 200 mg. Excessive residue ( > 200 mg) is difficult to dry 
thoroughly. Use a smaller volume if IDS is suspected to be high; likewise use a 
larger volume if IDS is suspected low. 

3. Groundwater samples which have already been filtered through a 0.45 micron 
membrane filter do not need to be carried through the filtration step of the 
procedure. 

Procedure: 

1. All glassware is to be soap and water washed, tap rinsed and deionized rinsed prior 
to analysis. 

2. Evaporating Dish Preparation: If volatile dissolved solids are also to be analyzed, 
prepare the evaporating dishes by ashing at 550 ± 50°C for one hour in a muffle 
furnace. 

[WCCONT-705] 1DSC3-1 



Otherwise, heat the dishes at 180 ± 2°C for one hour. Cool in desiccator. Weigh. 
Record the weight. The dishes must be cool before being weighed (about one hour). 
Repeat this cycle until a constant weight is obtained(± 0.5 mg). 

3. Filter Preparation: Place the glass fiber filter on the filtration support, place the 
funnel on top, and wash the filter with three 20 mL portions of deionized water 
while vacuum is applied. Discard the washings. The filters may be prepared ahead 
of time. If this is the case, dry them for 1 hour at 103- l05°C and store in the 
desiccator until needed. 

4. Assemble the filtering apparatus, place a prepared filter on the support and begin 
suction. Shake the sample and measure out 100 mL in graduated cylinder. 

5. Pour sample into filtering apparatus. Apply vacuum until all the sample has been 
filtered. 

6. Pipet 50 mL of filtered sample (less, if the sample is expected to have a high 
dissolved solids content) into a prepared evaporating dish. 

7. Evaporate the sample to dryness in the oven at 180 ± 2°C. Cool in a desiccator for at 
least one hour and weigh. Repeat the drying cycle until the weight loss is ~ 0.5 mg. 

Quality Control: 

-
-
-
-
-
-

1. Duplicate 1 out of 10 samples. If less than 10 samples are analyzed, a duplicate is 
still required. Duplicates are to be within acceptable ranges, or data must be flagged -
appropriately. 

2. A blank must be analyzed with every set of samples. (This is a check on 
contamination, cleanliness of dishes, oven, pipettes, etc.) 

3. An EPA or ERA reference standard must be analyzed at the beginning of each 
analytical run. 

Calculations: 

IDS, mgfL = (A-B) x 1000000 
c 

Where A = weight of dish plus residue (g) 
B = weight of dish (g) 
C = volume of filtered sample used (mL) 

[WCCONT-705] TDSC3-2 
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AppendixBS 

Ammonia Nitrogen 



Effective Date 1-d. j-9 0 

AMMONIA NITROGEN 

Scooe and Aoplication: This method is applicable to the determination of 
ammonia-nitrogen in drinking water, surface water, 
groundwater, sludges, soils, and industrial wastes. 

Method: Micro-distillation, Colorimetric 

Reference: EPA, 1983, Method 350.2 

Detection Limit: 0.10 mg/L for aqueous samples 
5.00 mg/kg for soils and sludges 

Optimum Range: 0.10 - 2.00 mg/L for aqueous samples 
5.00 - 100 mgfkg for soils and sludges 

Sample Handling: Acidify aqueous samples with concentrated sulfuric acid to 
pH <2 and refrigerate at 4oc. Refrigerate soils and sludges 
at 4oc. Analyze within 28 days of sampling. 

Reagents and Aoparatus: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 

Kjeldahl flasks, 100 ml 
Keeney distillation apparatus 
Spectrophotometer, set at 425nm with sipper cell 
Erlenmeyer flasks, 50 ml 
Sulfuric acid, concentrated 
Milli-Q water 
pH meter, 0.1 pH unit sensitivity 
Volumetric glassware, Class A (pipets and flasks) 
Top loading balance, 0.01g sensitivity 
Graduated cylinders, 50 ml 
Mixing cylinders, 50 ml 
Ammonium chloride (NH4Cl) 
Boric acid (H3B03) 
Mercuric iodide (Hgiz) 
Potassium iodide (KI) 
Sodium hydroxide (NaOH) 
Sodium tetraborate (Na2B407·10H20) 
Sodium thiosulfate (Na2S203·5H20) 
Analytical balance, 0.0001g sensitivity 
150 ml beaker 
Stir bars and stir plate 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated). 

1. Ammonium chloride stock solutionC1000 mg/Ll: In a 1 liter volumetric 
flask, dissolve 3.819g NH4Cl in approximately 300 ml Milli-Q water and 
bring to volume. Preserve with H2S04 to a pH<2. Refrigerate. 

[ INORGSOP] 
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2. Ammonium chloride standard solution {10 mq/Ll: Dilute 10.0 ml of the 
ammonium chloride stock solution to 1 liter with Milli-Q water in a 
volumetric flask. Preserve with H2S04 to a pH<2. Prepare monthly. 
Refrigerate. 

3. Boric acid solution: Dissolve 20.0g H3B03 in Milli-Q water and dilute 
to 1 liter in a volumetric flask. 

4. Nessler reagent: Dissolve 100g of mercuric iodide and 70g of potassium 
iodide in about 200 ml of Mill-Q water. Add this mixture slowly, while 
stirring to a COOLED solution of 160g NaOH in 500 ml Milli-Q water. 
Dilute the mixture to 1 liter. Store in a Pyrex bottle and keep out of 
direct sunlight. Refrigerate. NOTE: Commercially available. 

5. Sodium hydroxide C1Nl: Dissolve 40g of NaOH in Milli-Q water and 
dilute to 1 liter. 

6. Sodium hydroxide C0.1Nl: Dilute 100 ml of IN NaOH to 1 liter with 
Mill i -Q water. 

7. Sodium tetraborate solution C0.025Ml: Dissolve 9.5g of Na2B407·IOH20 
or 5.0g anhydrous Na2B407 in Milli-Q water and dilute to 1 liter. 

8. Borate buffer: Add 88 ml of O.lN NaOH solution to 500 ml of 0.025M 
sodium tetraborate solution. Dilute to 1 liter with Milli-Q water. 

9. Sodium thiosulfate Cl/70Nl: Dissolve 3.5g Na2S203·SH20 in Milli-Q 
water and dilute to 1 liter. (1 ml of this solut1on will remove 1 mg/L 
of residual chlorine in 500 ml of sample). 

NOTES: 

1. Residual chlorine must be removed prior to distillation by pretreating 
the sample with sodium thiosulfate solution. 

2. Pre-steam the distillation apparatus with 10% NaOH before use. 

3. Cyanate and some volatile alkaline compounds may cause an off-color 
nesslerization. This off-color can be eliminated by boiling the sample 
at a low pH (pH 2-3) to drive off the compound. This should be done 
prior to the distillation step. 

Procedure: Sample must be homogenized prior to analysis to ensure a 
representative sample aliquot. 

Distillation: 

1. All glassware is to be soap and water washed, tap water rinsed, and 
Milli-Q water rinsed prior to use. 

[ INORGSOP] 
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2. The reservoir should be 2/3 full with Milli-Q water. Add a few boiling 
chips. Add sulfuric acid to reservoir to bring to a pH <2. Turn on 
the heater. Set heater control to HIGH. Allow the steam reservoir to 
heat up. This unit will take about 45 minutes to heat-up. Turn the 
heater control to about a setting of 8 and bring to boiling. Analysis 
can begin once boiling begins. 

3. Prepare the distillation apparatus as follows: Steam out the 
distillation apparatus with a 10% NaOH solution. Turn on water and 
continue until 40 ml has been distilled. 

4. Aqueous samoles: 

Place 50 ml or an aliquot of sample diluted to 50 ml in a 150 ml 
beaker. Record the volume used. Add IN NaOH while stirring very 
slowly until the pH is 9.5 ±0.1 using pH meter. 

To spike: Place 50 ml sample and 5 ml of the 10 mg/L ammonia standard 
into a beaker, adjust pH to 9.5 ±0.1 and continue with procedure. 
Final spike level is 1.0 mg/L. 

Non-aqueous samples: 

Place approximately l.Og in a 150 ml beaker. Record weight used. Add 
50 ml Milli-Q water and adjust the pH with IN NaOH, whil~ stirring 
slowly, to pH 9.5 ±0.1 using pH meter. 

To spike: Place l.Og sample, 5 ml of the 10 mg/L ammonia standard in 
the beaker. Add 50 ml Milli-Q water, adjust pH, and continue with 
procedure. 

5. Transfer the pH-adjusted sample to a 100 ml Kjeldahl flask. Add 2.5 ml 
of borate buffer. 

6. Add 5 ml of boric acid to a 50 ml Erlenmeyer flask and place flask at 
the condenser outlet with the tip of the condenser immersed in the 
boric acid. 

7. Connect the Kjeldahl flask to the distillation apparatus and secure 
with springs. 

8. Close the stopcock on the condensation chamber. Close the drain 
stopcock. The steam will now pass through the Kjeldahl flask. 

9. Steam distill 30-40 ml at a rate of 4-5 ml/min. 

10. Rinse tip of condenser into erlenmeyer flask, remove the erlenmeyer 
flask. 

11. Rinse the tip of the condenser and steam outlet into a waste beaker. 

[INORGSOP] 
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12. Continue distilling remaining samples, blanks and standards. When all 
samples, blanks and standards are distilled, the colorimetric 
determination can be performed. 

Colorimetric Determination: 

1. Prepare the following series of blanks and standards in 50 ml mixing 
cylinders containing 5 mls of boric acid solution (These do not need to 
be taken through the distillation step). 

ml of 10 mg/L 
ammonium chloride 

solution 

0 
0.5 
1.0 
2.0 
5.0 
10.0 

Oil ute 
_!Q_ 

50 ml 
50 ml 
50 ml 
50 ml 
50 ml 
50 ml 

Concentration 
Cmg/Ll 

BLANK 
0.10 
0.20 
0.40 
1.00 
2.00 

2. Add 2.0 ml of Nessler reagent to the blank and standards. Stopper and 
mix by inverting several times. 

3. After 20 minutes, read the absorbances on the spectrophotometer set at 
425nm using the sipper cell. Zero the spectrophotometer to the reagent 
blank. 

4. Transfer distilled samples to 50 ml mixing cylinders and dilute to 
50 ml with Milli-Q water. Mix. 

5. Determine the ammonia in the distillate as follows: 

· Transfer 25 ml of distillate, or an aliquot diluted to 
25 ml, to a mixing cylinder. 

· Add 1 ml of Nessler reagent and mix by inverting several times. 

· After 20 minutes, read the absorbance as described in Step 3. 

Calculations: 

1. Aqueous Samples: 

a. Calculate using linear regression. 

b. Multiply in any dilution factors performed in the distillation and 
colorimetric steps to obtain the final result in mgjl. 
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2. Non-Aqueous Samples: 

a. Calculate using regression to obtain a mg/L value. 

b. Multiply in any dilution factor performed in the colorimetric step 
(mg/l}. 

c. Multiply result obtained from "Step b" by SO and divide by grams of 
sample used to obtain the final result in mgjkg. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus a blank. 
Record the absorbance check standards (1.00 mg/L) in the absorbance check 
book. The absorbances should remain consistent from run to run. If not, 
necessary troubleshooting must be performed before continuing (check 
wavelength, spectrometer bulb, solutions, etc.). 

2. A distilled blank, standard (1.00 mgjl), and known reference standard are 
to be analyzed at the beginning of the analytical run. The standards 
must be within acceptable ranges and the blank less then the detection 
limit, or troubleshooting must be performed. 

3. A quality control calibration standard of 1.00 mg/L and a blank are to be 
analyzed, initially and after every 10 samples. This standard does not 
need be carried through the distillation procedure. The last samples 
analyzed in the run are to be the calibration standard and blank. These 
standards must be within the acceptable ranges (± 10% of the true value) 
or the samples run after the last acceptable check standard are to be 
reanalyzed. 

4. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 
samples are analyzed, a· duplicate and spike are still required. Spike 
recoveries and duplicate results are to be within acceptable ranges, or 
data must be flagged appropriately. 

[INORGSOP] 
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AppendixB6 

Nitrate & Nitrite Nitrogen 



Effective: 5-~ _q I 

NITRATE + NITRITE, NITROGEN- AUTOANAL"YZER 

Scope and Application: This method is applicable to drinking water, surface water, 
groundwater, and wastewater. 

Reference: EPA 1983, Method 353.2 
Lachat Instruments, 1989 Method 10-107-04-1-C 

Detection Limit: 0.02 mg!L 

Optimum Range: 0.02 - 2.00 mg!L N03 + N02 - N 

Sample Handling: Preserve with sulfuric acid to pH <2 and refrigerate at 4oc. Analyze 
within 14 days. Alternatively, unpreserved samples, kept at 4°C can be 
analyzed within 48 hours of sampling. 

Instrument Conditions: 

1. Pump speed: 35 
2. Cycle period: 50 seconds 
3. Load period: 20 seconds 
4. Inject period: 20 seconds 
5. Inject to start of peak period: 22 seconds 
6. Inject to end of peak period: 68 seconds 
7. Gain: 450 
8. Zero: 400 
9. Interface filter: 520 nm 
10. Sample loop: 17 em 
11. Standards for curve set-up: 0, 0.20, 0.50, 1.00, 2.00 mg!L 
12. Column: cadmium reduction 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated.) 

1. Degassed Milli-Q water (2 options): 

2. 

3. 

a. Boil Milli-Q water vigorously for 5 minutes. Cool and store in a cubitainer, or 

b. Bubble helium, using the fritted gas dispersion tube, through the Milli-Q water. 
Store in cubitainer. (15 min/20 L) · 

Stock nitrate standard (100 mg!L NO]): In a 1liter volumetric flask, dissolve 0.7218 
potassium nitrate (KN03) in about 600 mL of Milli-Q water. Add 2 mL of 
concentrated H2S04 as a preservative. Dilute to the mark. Store in a dark glass 
bottle. Refrigerate. 

Working stock nitrate standard (10 mg/L NOJ): Add 50 mLs D.I. water to a 100 mL 
volumetric flask. Add 0.2 mLs concentrated H2S04 and pipet 10.0 mL of the stock 
nitrate standard. Dilute to the mark with DI water. Prepare fresh every 2 weeks. 
Refrigerate. 
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4. Standards: (Prepare fresh every 2 weeks.) Preserve with 0.2 mL H2S04. Dilute to 
volume with D.I. water. Refrigerate. -

Concentration Letter Volume of Dilute 
of Standard Identifier NOJ Standard to 

Omg!L A 0 lOOmL 
0.20mg/L B 2.0 lOOmL 
0.50 mg/L c 5.0 lOOmL 
1.00mg!L D 10 100mL 
2.00mg/L E 20 lOOmL 

CRDL 0.02mg/L 2.0 lOOOmL 

Note: Computer refers to standards by letter. 

5. Sodium hydroxide (lSM): To 250 mL of D.l. water, add 150.0g NaOH. Slowly! This 
solution will get very HOT! Swirl to dissolve. Store in a plastic bottle. 

6. Ammonium chJoride buffer solution: In a 1liter volumetric flask, dissolve 85.0g of 
ammonium chloride (Nl4CI) • and l.Og of disodium ethylenediamine tetracetate 
dihydrate (EDT A) in approximately 800 mL D.I. water. Adjust the pH to 8.5 with 15M NaOH (approximately 8 mL). Dilute to the mark and filter through a 0.45 urn 
filter. 

• See Notes #5. 

7. Sulfanllamide color reagent: In a lliter volumetric flask, add approximately 800 mL 
of Milli-Q water. Then add 100 mL concentrated phosphoric acid (H3P04). Add 
40.0g sulfanilamide and dissolve completely. Dissolve l.Og 
N-1-naphthlethylenediamine dihydrochlonde (NED) and dilute to one liter. Store in 
dark bottle at 4°C. Stable for 2 months when refrigerated. 

8. Column Preparation: 

a. Cadmium preparation: Place 10-20g of coarse cadmium :eowder (granules) in a 
250 mL beaker and wash with 50 mL of acetone, then distilled water, then two 50 
mL portions of 1 M hydrochloric acid (8 mL concentrated hydrochloric acid plus 
92 mL deionized water). Then rinse thoroughly with deionized water. If using 
cadmium for second time, rinse with 1 M hydrochloric acid before beginning 
process. CAUTION: Collect and store all waste cadmium. Wear gloves! 

b. Copperization: Prepare a 2% copper sulfate solution (20g of CuS04·5H20) per 
liter of deionized water) and add a 100 mL portion to the cadmium prepared in 
"a" above. Swirl gently for about 5 minutes, then decant the liquid and repeat 
with a fresh 100 mL portion of 2% copper sulfate. Continue this process until 
colloidal copper is VISible in the supernatant (a red-brown precipitate) and 
solution remains blue in color. Rinse with D.I. water until all colloidal copper is 
removed from the supernatant. Wash once with ammonium chloride buffer. 
The cadmium should be black or dark gray. The cadmium granules may be 
stored in a stoppered bottle in ammonium chloride buffer. 
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Notes: 

c. Packing the column (wear gloves!): Place a small piece of polyurethane foam (or 
glass wool) loosely in the end of the glass tube. Insert the plugged end of the 
glass tube into the column end fitting. Cut a length of 0.032u id teflon tubing 3 to 
4 inches longer than the column. 

Insert the teflon tube in the end fitting and fill the whole tube with water, holding 
the flexible tube in aU-shape so that the ends are level. Place the second end 
fitting on the other end of the teflon tubing. (Placing a small funnel onto the end 
fitting may aid filling.) Taking care that no air bubbles are introduced, place the 
copperized cadmium granules in the column. Tap the column gently, every 1-2 
em, to pack the granules. When the column is packed to within about 5 mm of 
the end of the glass column, insert another foam plu~, then the column end 
fitting. Store the column with the ends connected wtth a length of teflon tubing, 
as air pockets or having the column dry out will necessitate repacking. If air 
remains in the column, connect the column to the manifold and turn the pump 
on maximum. Tap column frrmly until all air is removed. 

d. Column activation: The column must be activated before use or it will not 
reduce nitrate. This may be accomplished by pumping the 10 mgiL nitrate 
standard through the sample line. When the solution is injected, a brilliant pink 
color will be visible in the coil. The cadmium column efficiency should be above 
80%, if less, the column must be repacked. 

To check column efficiency, standardize with nitrite standards and then analyze 
all nitrate standards. The recovery of the nitrate standards should be consistent 
at all standard concentrations. 

1. Interferences: 

Build up of suspended matter in the reduction column will restrict sample flow. 
Since rutrate-mtrogen is found in a soluble state, the sample must be pre-filtered. 

Low results might be obtained for samples that contain high concentrations of 
iron, copper or other metals. EDTA is added to the samples to eliminate these 
interferences. .. 

Samples that contain large concentrations of oil and grease will coat the surface 
of the column. This interference is eliminated by pre-extracting the sample with 
an organic solvent. 

2. Samples must be diluted to obtain concentrations within the optimum working range. 

3. The gain and zero settings are guidelines and must be optimized each day. 

4. Color will interfere: dilute the sample and also spike the dilution to confirm the 
quality of the result. Record on data sheet. 

[WCCONT-230] N02 + NOJAAC2-3 



5. ACS grade ammonium chloride has been found occasionally to contain significant 
nitrate contamination, so an alternative preparation for the ammonium chloride 
buffer (Reagent #6) is as follows: 

In the hood, add 126 mL concentrated HCl to a lliter volumetric flask containing 500 
mL degassed Milli-Q water. Mix. Add 95 mL ammonium hydroxide and 1.0 gm 
disodium EDTA Dissolve and dilute to the mark. The pH should be 8.5 ± 0.1, adjust 
pH if necessary. 

System Operation: 

1. Refer to Auto Analyzer Operation- Start-up Procedure (lOP# LAAC-Section A). 

2. After pumping reagents through the lines, tum off the pump and insert column, 
making sure that air bubbles are not introduced into the column. 

3. Activate column if necessary. (See #8d. above.) 

4. Analyze an initial calibration check standard, a blank, a CRDL standard and a known 
reference standard at the beginning of each run. The blank must be below the 
detection limit and standards must be within required control limits before any 
samples are analyzed. 

5. To spike samples, mix equal volumes of sample and 1.00 mg/L standard (D) for a final 
spike level of 0.50 mg!L. 

6. The calibration check standard is 1.00 mg/L N03 (D). 

7. If only nitrate is requested, nitrites must be analyzed and subtracted from the nitrate 
+ nitrite value. 

8. After use, tum off the pump and remove the column from the manifold. 

9. Refer to Auto-Analyzer Shut-down Procedure. (lOP# LAAC-Section B.) 

Quality Control: 

1. Establish a standard curve with the standards listed above. The derived 
concentrations for each calibration standard must be within 10% of the true value. 
The derived value for the blank must be below the method detection limit. 

2. The CRDL standard concentration should be at the method detection limit (MDL). 
Results must be within the acceptable limits of± the MDL of the instrument must be 
recalibrated before samples are analyzed. 

3. A quality control calibration check standard of 1.00 mg/L (D) and a blank are to be 
analyzed, at a minimum, after every 10 samples. If less than 10 samples are analyzed, 
a calibration check standard and blank are still required. The last samples analyzed in 
the run are to be the calibration check standard and blank. Standards must be within 
the acceptable ranges and blanks must be below the method detection limit or the 
samples run after the last acceptable calibration check standard and blank are to be 
reanalyzed. 
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4. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are 
analyzed, a duplicate and spike are still required. Spike recoveries and duplicates are 
to be within acceptable ranges or data must be flagged appropriately. 

CaJcuJation: 

1. Calculate with Lachat Quikchem software, in the concentration mode, using the IBM 
XT computer. 
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AUTOANALYZER 

Scope and Aoplication: Ions can be readily analyzed by a flow-injection 
autoanalyzer. The flow injection design gives the 
system excellent washout characteristics, to prevent 
carry over and cross contamination. The autoanalyzer 
is generally more sensitive and accurate than the 
manual wet-chemistry techniques. 

Method: Flow injection 

References: Lachat Instruments, 1986. 

Sample Handling: See separate SOP's for requirements. 

Reagents and Apoaratus: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 

Lachat 3-channel autoanalyzer 
Stock and standard ion solutions 
Class A volumetric flasks 
Class A volumetric pipets 
Milli-Q water 
Required interference filters 
Disposable 4 ml cups 
Automatic sampler 
Proportioning pump 
Injection module 
Colorimeters 
Manifolds 
Columns - if needed 
Helium gas 
Computer 
Printer 

Procedure: 

A. Instrument Set-Uo 

[C-AA-A] 

1. 

2. 

3. 

Depress red power switch on power strip located behind the computer 
terminal. This will turn on the computer, the screen, and the 
printer. 

Depress red power switch on rear power strip on Lachat system. 

Select manifold and make appropriate hydraulic connections. 

Hydraulic connections: 

LAAC-1 
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[C-AA-A] 

a. Use correct sample loop length to connect. lines 1, 4. 

b. line 2 is carrier line. 

c. line 3 goes to manifold. 

d. line 5 goes to waste container. 

e. line 6 comes from sample probe. 

f. Connect manifold to flow through cell. 

Tension levers should be up when pump tubing is inserted. Snap pump 
tubing cartridges into place. 

4. Insert correct filter. 

5. Pump Milli-Q water through lines for 5 minutes by depressing the 
pump ON button. Check for leaks. 

6. Comouter- At the C> type in "quikcalc". This calls up the lachat 
software and puts you at the master menu. Press <enter>. 

7. Put lines into reagents and/or degassed Milli-Q water. 

8. Comouter - Select "load/Stop Background Method" on the master menu. 
Press <enter>. 

9. Select appropriate method. Press <enter>. 

10. Printer should be set at FONT 0. 

11. Pump reagents until a steady baseline is achieved. 

12. When using a method with a column (S04 or N03), the column may be 
inserted at this point. See method SOP's for more details. 

13. For each analytical channel, adjust zero knob so that the baseline 
is near the bottom of the screen (between .000- .030). 

14. Adjust gain while injecting top standard. 

a. Place autosampler probe into the highest standard bottle. 

b. 

c. 

After 20-30 seconds, press cycle button on front panel so that 
LED light is red. This is the load position. 

After 25 seconds (or less depending on sample loop size), press 
cycle button- so that LED light is green. This is the inject 
position. 

LAAC-2 



[C-AA-A] 

d. Adjust gain knob on detector so that peak reading on the 
colorimetric is 1.700-1.950. 

e. Repeat until gain is properly adjusted. 

f. Wipe probe and replace the autosampler probe into the sampler. 

15. Select menu item by going into foreground. (Press and hold Alt 
key, then press Esc key). 

a. Select "Sample Tray Information and Start Analysis" on master 
menu. Press <enter>. 

b. Press <enter> or type in sample tray reference number if it is 
a tray which has already been typed in. 

c. Enter tray ID and operator. Check "Display Standards Position 
in Tray" to insure the tray is set-up properly. 

d. Select "Enter Sample ID's". Press <enter>. 

e. Type in sample information. Check standards will automatically 
be placed in the tray information portion. 

f. Press Esc once to return to menu. 

16. Put tray with samples in appropriate cup locations on autosampler. 
Position try to the cup containing standard A (usually #aS or so). 
Select "Start Analysis." Press <enter>. 

17. The second screen will ask if the tray has standards or not. If 
you standardized the first tray of the run and all the check 
standards are within QC ranges, recalibration for the next tray is 
not necessary. Select appropriate option. Press <enter>. 

18. Press Alt, Esc keys together, to get back to background to view the 
calibration peaks. 

After calibration is complete: 

go into the foreground (Press Alt, Esc keys) 

select "display calibration graph" (Press <enter>) 

review the data 

return to the background (Press Alt, Esc keys) 
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- press "G" for good calibration. Analysis will continue. 

- press "R" for re-cal ibration. Remember to refill standard 
cups and reposition sample tray before pressing "R"! 

B. Instrument Shut-Down 

1. Press Alt/Esc keys to get to the foreground. Select ''Load/Stop 
Background Method". Press <enter>. To question-"Stop background 
(Y/N)?" Press "Yes". Press Esc key to return to main menu. 

2. If column is used, stop the pump and disconnect from manifold. 

3. Pull lines from reagents into a wash beaker of D.I .. 

4. Pump D. I. through 1 ines for 2-5 minutes. 

5. Pump air through lines until manifold is dry. 

6. Turn off pump. 

7. Release tubing cartridges and lower tension levers. Release 
tubing. 

8. Turn off main switch on rear power strip. 

9. Empty and rinse waste containers, if necessary. 

10. Perform back-up on current data files, once a week. (See 
Section C) 

11. Turn off the computer and printer. 

C. Backing-up the Data Files 

[C-AA-A] 

1. Exit to DOS 

2. At C> Type: cd\fialab\data Press <enter> 

3. At C> Type: copy *.rpt a: Press <enter> 
After everything is copied - remove disc. 

4. At C> Type: del *.* Press <enter> 

5. Are you sure (Y/N)? Type: Y Press <enter> 

6. At C> Type: cd\ Press <enter> 

7. Turn off the red switch on the computer power strip to turn off the 
computer, printer and screen. 

LAAC-4 



D. Ouikchem Calibration 

[C-AA-A] 

QuikCalc II uses a calibration technique called multisegment linear 
fitting which gives extensive flexibility to the user. It allows the 
calibration curve to be defined in terms of individual linear segments 
which can span each of several standards. Following processing of the 
calibration standards, a correlation coefficient is calculated for each 
segment with more than two standards or replicates. It provides 
important statistical information about each segment and gives the user 
a high degree of confidence in the determined sample values. See 
Figure 1. 

LAAC-5 

-

-

-

-

-
-
-

-



II- ' 

II----· ...-1 

.. _ .. l:ll __ , c::: 
\ : ::J 

.. ·t.:l 
• 1-1 ·- ~ .. 
:;j 

c-· 

----------------------------------------------------------, 

... 2:! 
..::r.:, -· •r: • ..-, 

·=-··' ···:= P-.:--

"!-

-=··· .-. 
~ 

-----

·=· ·=·=· 

·=· 
~·· -

;~: 

·=· 

·=· .--. 
·=· 

-·· ~ .- t 
!~ .._ 
c: 
·=· ....... 

-..-:· 
.-.:: .-..... 

-a-:· 
-=: 
'='·' 
'"-=· c: .-. 

C• 

~ .. _ .. 
••. 1 ,::;. ....... 

t.•·r 

····· 1:: 

.. ....,.=. 
.:: 
r.:L• ·-.. _ .. ·-· -=-"4--t 
•1• 

cS: 



Problem: 

Negative peak 

D 
Reproduceable dip when valve 
switches (before peak) 

[[J 
Odd looking peaks 

Peak cut off in window 

[rJ 
Reproduceable dip after peak 

[K] 
Small intermittent peaks 

D 

Cause: 

1. Contaminated carrier 
2. Bad or no S04 column or sample 

extremely high in hardness 
3. Samples high in oxidizing agents 

1. Bad color reagent 
2. Could also be valve turning artifact caused 

by a highly colored reagent 

1. Index of refraction problem, matrix related 
(usually acid or pH buffering) 

2. Also method interferences: high hardness 
on S04 method, oxidizing samples on 
nitrate method 

3. Bad reagents 

1. Flow problem 
2. Precipitate build-up on S04 manifold 

tubing 

1. Usually flow problem 
2. Valve not set to an initial load position 

state before starting run 
3. Incorrect pump setting or other timing 

problem 

1. Reagents exceeded-reagents improperly 
prepared 

2. Standards incorrectly prepared 

1. Bad column 

1. Milli-Q or reagents not degassed properly 
or adequately 

2. Waste line coil not installed (for the 
methods which require it) 

Three basic areas of troubleshooting: 
1. Fluidics {clogs, old pump tubing, crimp in manifold tubing) 
2. Chemistry • 
3. Timing (not usually a problem after initial development) 

BLH/rff 
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Effective Date: L · 2k -Cf / 

TOTAL PBENOUCS -DISTILLATION 

Scope and Application: This method is applicable to the analysis of drinking water, surface 
water, domestic and industrial wastewater and solids. 

Method: Automated 4AAP with distillation 

Reference: EPA 1983, Method 420.1 

Detection Limit: 0.005 mg/L 

Optimum Range: 0.005 - 0.5 mg/L 

Sample Handling: Aqueous samples are to be collected in a one liter glass container with a 
teflon-lined cap. Preserve to pH< 2 with sulfuric acid and refrigerate at 
4°C. Non-aqueous samples are to be collected in a glass container and 
refrigerated at 4°C. Samples should be analyzed within 28 days of 
collection. 

Reagents and Apparatus: 

1. Phenol 
2. Concentrated sulfuric acid (H2S04) 
3. Copper sulfate (CuS04) 
4. Sodium hydroxide (NaOH) 
5. Glass distillation appartus 
6. One liter distillation flasks 
7. 250 mL volumetric flasks 
8. D.I. water 
9. NoChromix or similar cleaning solution 
10. 400 mL beakers 
11. pH meter (glass-body electrode), 0.1 pH sensitivity 
12. 0.45 urn filters 
13. Top loading balance, 0.01 g sensitivity 
14. Analytical balance, 0.0001 g sensitivity 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise noted.) 

1. Stock phenol solution (1.000 mg!L): Dissolve 1.000 g phenol in freshly boiled and 
cooled D.I. water in a volumetric flask and dilute to 1liter. Preserve with 2 mL of 
concentrated H2S04 per liter. 

2. Working phenol solution A (1.0 mg/L): Dilute 10 mL of stock phenol solution to 1 
liter with D.I. water in a volumetric flask. (Prepare fresh daily.) Preserve with 2 mL 
concentrated H2S04 per liter. 

3. Copper sulfate solution: Dissolve 100 g CuS04 · 5H20 in D.I. water and dilute to 1 
liter in a volumetric flask. 

4. NaOH (IN): Dissolve 40 g NaOH in D.I. water in a 1liter volumetric flask, dilute to 
the mark. 

[WCCONT-235] PhenDisC2-1 



5. 

6. 

Notes: 

1. 

NaOH (6N): Dissolve 240 g NaOH in D.l. water in a 1liter volumetric flask, dilute to the mark. 

H2S04 (IN): Dilute 28 mL of concentrated H2S04 with 500 mL D.I. water in a 1 liter volumetric flask, and dilute to the mark. 

Interferences: 

a. Oxidizing agents such as chlorine interfere. Add excess ferrous ammonium 
sulfate immediately after sampling to remove interference. If chlorine is not 
removed, the phenols may be partially oxidized and results will be low. 

b. Sulfur compounds interfere. Interferences are eliminated by acidifying the 
sample to a pH of < 4 with H3P04 or H2S04 and aerating briefly by stirring and adding CuS04. 

2. If the solutions do not remain a blue to green color after the addition of the CuS04, or lose the color upon heating, additional CuS04 is required. Record the additional amount of CuS04 required on the data sheet. 

3. Rinse condensers with D.l. water between distillations to prevent contamination. 

Procedure: 

1. All glassware is to be soap and water washed, soaked in NoChromix followed by tap rinse and D.l. water rinse prior to analysis. After washing, but before tap and D.l. rinse, distillation flasks should be soaked in NoChromix or or similar cleaning solution for a minimum of 15 minutes. 

2. For aqueous samples: Using a 250 mL graduated cylinder, place 250 mL of preserved sample into a beaker. 

For soUd samples: Weigh out 1.0 g using the analytical balance and place in a beaker. Record weight. Add 250 mL D.I. water. · 

To Spike samples: Pipet 2.5 mL of 10 mg!L working phenol solution A into 250 mL of sample. This corresponds to a 0.100 mg!L spike. . 

3. Using a glass bodied pH electrode, adjust the sample to pH of 4.0 .±_ 0.1 using 1N H2S04 and 1N or 6N NaOH. Add 5 mL CuS04 solution. Transfer to distillation flask and add several boiling chips. 

4. Set flask on mantle, connect to condenser, and place a labeled 250 mL volumetric flask under tip of condenser. Tum the mantle to medium-high heat. 

5. Distill at least 200 mL of sample. Stop the distillation, and when boiling ceases, add about 50 mL of warm D.I. water to the flask (warm water is required to prevent the Oask from cracking). Resume distillation until 250 mL have been collected. 
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6. If the distillate is turbid, filter through a 0.45 micron membrane filter. 

7. Distillates are ready for analysis. Proceed with Lachat SOP# PhenAAC for 
automated color development. 

Quality Control: 

1. The calibration standards do not need to be carried through the distillation 
procedure. 

2. An EPA or ERA reference standard is to be distilled ~ith each batch of samples. 

3. A reagent blank and standard of 0.100 mg!L are to be distilled with each batch of 
samples as a check for contamination and efficiency of distillation. 

4. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are 
analyzed, a duplicate and spike are still required. Spike recoveries and duplicate 
results are to be within acceptable ranges, or data is to be flagged appropnately. 

Calculations: 

1. Calculate with Lachat QuikChem software, in the concentration mode, using the mM 
XT computer. 

2. To calculate the spike: 

% Recovery = Spike cone. - Sample cone. x mL of Sample x 100 
0.100 250 

[WCCONT-235] PhenDisC2-3 



Effective: I/ ZZ· 'J / _ _,;_;_ __ ...........~. __ 
TOTAL PHENOLICS- AUTOANAL'YZER 

Scooe and Application: This method is applicable to distilled groundwater, drinking water, 
wastewater, sediments and soils. All samples must be distilled prior to 
analysis with the autoanalyzer. 

Reference: EPA, 1983, Method 420.2. 
Lachat Instruments, 1989, Method 10-210-00-1-A 
Standard Methods, 16th Edition, pages 556-561 

Detection Limit: 0.005 mg!L 

Optimum Range: 0.005 - 0.500 mg!L 

Sample Handling: Samples should be capped and refrigerated at 4°C after distillation. 
Distillates should be analyzed within 7 days of distillation and within 28 
days of sample collection. 

lnstnJment Conditions: 

1. Pump speed: 35 
2. Cycle period: 40 seconds 
3. Load period: 20 seconds 
4. Inject period: 20 seconds 
5. Inject to start of peak period: 10 seconds 
6. Inject to end of peak period: 50 seconds 
7. Gain: 200x10 (use lOx gain) 
8. Zero: 350 
9. Interference filter: 500 nm 
10. Sample loop: 120 em 
11. Standards for standard curve: 0, 0.050, 0.100, 0.200, 0.500 mg!L 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise noted.) 

1. Degassed Milli-Q water - 2 options: 

a. Boil Milli-0 water vigorously for 5 minutes. Cool and store in cubitainer. 
b. Bubble helium, using the fritted gas dispersion tube, through the Milli-0 water. 

(15 min/20 L) Store in cubitainer. 

2. 4-aminoantipyrine color reagent: In a 250 mL volumetric flask, dissolve 0.16 g of 
4-aminoantipyrine (CH3NN(Q;Hs)COC(HN2)-CCH3), in approximately 150 mL of degassed Milli-Q water and dilute to 250 mL Prepare fresh daily. 

3. 1M NaOH: In a lL volumetric flask, dissolve 40.0 g NaOH in 900 mL Mllli-Q water. Dilute to mark and invert several times. Store in a plastic bottle. 
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4. Bufl"ered potassium fenicyan.ide (pH 10.3): In a 250 Liter volumetric flask, dissolve 
0.5000 g potassium ferricyanide (K~Fe(CN)6), 0.7750 g boric acid (H3B03) and 
0.9375 ~ potassium chlonde (KCI) m 100 mL of D.I. water. Add 12 mL of 1 M sodium 
hydroXIde and dilute to the mark. Filter through a 0.45 micron membrane filter 
before each use. Prepare fresh weekly. Refrigerate. 

5. Stock phenol (1.000 mg/L): In a 1liter volumetric flask, dissolve 1.00 g of phenol in 
500 mL of Milli-Q water. Add 2 mL concentrated H2S04 as a preservative. Dilute to 
1000 mL (1.0 mL = 1.0 mg phenol). Refrigerate. 

6. Working stock standard (10.0 mg/L): In a 500 mL volumetric flask, pipet 5.0 mL of 
the stock phenol and 1 mL H2S04, dilute to the mark with Milli Q water. (Prepare 
fresh daily!). 

7. Standards: (Prepare fresh daily!) 

Concentration Letter Volume oflO mg/L Dilute 
of Standard Identifier working standard to 

O.OOOmgfL A 0.0 100mL 
0.050mg'L B 0.5 100mL 
0.100mg'L c 1.0 100mL 
0.200mg'L D 2.0 100mL 
0.500mg'L E 5.0 100mL 

Note: Computer refers to standard by letter. 

Notes: 

1. Samples must be diluted to obtain concentrations within the optimum working range. 

2. The gain and zero are guidelines, they must be optimized each day. 

3. Interferences: 

Interferences are eliminated or reduced to a minimum by the distillation 
procedure. 

Color will interfere, dilute the sample and spike the dilution to confirm the 
quality of the result. 

Turbidity will interfere. If present, filter through a 0.45 micron membrane filter 
prior to analysis on Lachat System. Record on data sheet. 

A peak with a shoulder indicates an interference. If this occurs, dilute the 
sample. If the problem still exists, redistill the sample and its spike at a dilution. 
Record on data sheet. . 

4. If a sample has a value of 0.015 or less, it must be re-read to confirm the positive hit. 
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System Operation: 

1. Refer to "Auto Analyzer Operation Start-up Procedure". (lOP# LAAC-Section A) 

2. Anillyze an initial calibration check standard, a blank, a distilled known reference 
standard, a distilled standard and a distilled blank at the beginning of each run. The 
blanks must be below the detection limit and the standards must be within required 
control limits before any samples are analyzed. 

3. Spikes are distilled at a level ofO.lOO mg!L. 

4. The cah"bration check standard is 0.100 mg!L (C). 

5. The distilled standard is 0.100 mg!L. 

6. If a sample and spike are overrange: 

a. Dilute the sample and spike if dilution~ 1:5. The distilled spike should be 
detectable. 

b. Dilute the sample, spike and analyze a manual spike if 4ilution > 1:5. 

7. Refer to Auto Analyzer shut-down procedure. (lOP# l.AAC-Section B). 

Quality ControJ: 

1. Establish a standard curve with the standards listed above. The derived concentration 
for each calibration standard must be within 10% of the true value. The derived value 
for the blank must be below the method detection limit. 

2. A distilled standard of 0.100 mg!L and a distilled blank are analyzed with each set of 
samples. The distilled standard must be within acceptable ranges and blank must be 
below method detection limit before any samples are analyzed. 

3. A quality control calibration check standard of 0.100 mg!L (C) and a blank are to be 
analyzed, at a minimum, after every io samples. If less than 10 samples are analyzed, 
a calibration check standard and blank are still required. The last samples analyzed in 
the run are to be the calibration check standard and blank. Standards must be within 
the acceptable ranges and blanks must be below the method detection limit or the 
samples run after the last acceptable calibration check standard and blank are to be 
reanalyzed. 

4. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 samples are 
analyzed, a duplicate and spike are still required. Spike recoveries and duplicates are 
to be within acceptable ranges or data is to be flagged appropriately. 

CaJcuJations: 

1. Calculate with Lachat QuikChem software, in the concentration mode, using the ffiM 
XT computer. 
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AUTOANALYZER 

Scooe and Aoolication: Ions can be readily analyzed by a flow-injection 
autoanalyzer. The flow injection design gives the 
system excellent washout characteristics, to prevent 
carry over and cross contamination. The autoanalyzer 
is generally more sensitive and accurate than the 
manual wet-chemistry techniques. 

Method: Flow injection 

References: Lachat Instruments, 1986. 

Samole Handling: See separate SOP's for requirements. 

Reagents and Aooaratus: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 

Lachat 3-channel autoanalyzer 
Stock and standard ion solutions 
Class A volumetric flasks 
Class A volumetric pipets 
Milli-Q water 
Required interference filters 
Disposable 4 ml cups 
Automatic sampler 
Proportioning pump 
Injection module 
Colorimeters 
Manifolds 
Columns - if needed 
Helium gas 
Computer 
Printer 

Procedure: 

A. Instrument Set-Uo 

[C-AA-A] 

1. 

2. 

3. 

Depress red power switch on power strip located behind the computer 
terminal. This will turn on the computer, the screen, and the 
printer. 

Depress red power switch on rear power strip on Lachat system. 

Select manifold and make appropriate hydraulic connections. 

Hydraulic connections: 

LAAC-1 



[C-AA-A] 

a. Use correct sample loop length to connect. Lines 1, 4. 

b. Line 2 is carrier line. 

c. Line 3 goes to manifold. 

d. Line 5 goes to waste container. 

e. Line 6 comes from sample probe. 

f. Connect manifold to flow through cell. 

Tension levers should be up when pump tubing is inserted. Snap pump 
tubing cartridges into place. 

4. Insert correct filter. 

5. Pump Milli-Q water through lines for 5 minutes by depressing the 
pump ON button. Check for leaks. 

6. Computer- At the C> type in "quikcalc". This calls up the Lachat 
software and puts you at the master menu. Press <enter>. 

7. Put lines into reagents and/or degassed Milli-Q water. 

8. Computer - Select "Load/Stop Background Method" on the master menu. 
Press <enter>. 

9. Select appropriate method. Press <enter>. 

10. Printer should be set at FONT 0. 

11. Pump reagents until a steady baseline is achieved. 

12. When using a method with a column (S04 or N03), the column may be 
inserted at this point. See method SOP's for more details. 

13. For each analytical channel, adjust zero knob so that the baseline 
is near the bottom of the screen (between .000- .030). 

14. Adjust gain while injecting top standard. 

a. Place autosampler probe into the highest standard bottle. 

b. After 20-30 seconds, press cycle button on front panel so that 
LED light is red. This is the load position. 

c. After 25 seconds (or less depending on sample loop size), press 
cycle button so that LED light is green. This is the inject 
pas it ion. 
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[C-AA-A] 

d. Adjust gain knob on detector so that peak reading on the 
colorimetric is 1.700-1.950. 

e. Repeat until gain is properly adjusted. 

f. Wipe probe and replace the autosampler probe into the sampler. 

15. Select menu item by going into foreground. (Press and hold Alt 
key, then press Esc key). 

a. Select "Sample Tray Information and Start Analysis" on master 
menu. Press <enter>. 

b. Press <enter> or type in sample tray reference number if it is 
a tray which has already been typed in. 

c. Enter tray 10 and operator. Check "Display Standards Position 
in Tray" to insure the tray is set-up properly. 

d. Select "Enter Sample !D's". Press <enter>. 

e. Type in sample information. Check standards will automatically 
be placed in the tray information portion. 

f. Press Esc once to return to menu. 

16. Put tray with samples in appropriate cup locations on autosampler. 
Position try to the cup containing standard A (usually #35 or so). 
Select "Start Analysis." Press <enter>. 

17. The second screen will ask if the tray has standards or not. If 
you standardized the first tray of the run and all the check 
standards are within QC ranges, recalibration for the next tray is 
not necessary. Select appropriate option. Press <enter>. 

18. Press Alt, Esc keys together, to get back to background to view the 
calibration peaks. 

After calibration is complete: 

go into the foreground (Press Alt, Esc keys) 

select "display calibration graph" (Press <enter>) 

review the data 

return to the background (Press Alt, Esc keys) 

LAAC-3 



- press "G" for good calibrati6n. Analysis will continue. 

- press "R" for re-calibration. Remember to refill standard 
cups and reposition sample tray before pressing "R"! 

B. Instrument Shut-Down 

1. Press Alt/Esc keys to get to the foreground. Select "Load/Stop 
Background Method". Press <enter>. To question-"Stop background 
(Y/N)?" Press "Yes". Press Esc key to return to main menu. 

2. If column is used, stop the pump and disconnect from manifold. 

3. Pull lines from reagents into a wash beaker of D.! .. 

4. Pump D.l. through lines for 2-5 minutes. 

5. Pump air through lines until manifold is dry. 

6. Turn off pump. 

7. Release tubing cartridges and lower tension levers. Release 
tubing. 

8. Turn off main switch on rear power strip. 

9. Empty and rinse waste containers, if necessary. 

10. Perform back-up on current data files, once a week. (See 
Section C) 

11. Turn off the co_mputer and printer. 

C. Backing-up the Data Files 

[C-AA-A] 

1. ·Exit to DOS 

2. At C> Type: cd\fi a·l ab\data Press <enter> 

3. * At C> Type: copy .rpt a: Press <enter> 
After everything is copied - remove disc. 

4. At C> Type: del *.* Press <enter> 

5. Are you sure (Y/N)? Type: Y Press <enter> 

6. At C> Type: cd\ Press <enter> 

7. Turn off the red switch on the computer power strip to turn off the 
computer, printer and screen. 
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D. Ouikchem Calibration 

[C-AA-A] 

QuikCalc II uses a calibration technique called multisegment linear 
fitting which gives extensive flexibility to the user. It allows the 
calibration curve to be defined in terms of individual linear segments 
which can span each of several standards. Following processing of the 
calibration standards, a correlation coefficient is calculated for each 
segment with more than two standards or replicates. It provides 
important statistical information about each segment and gives the user 
a high degree of confidence in the determined sample values. See 
Figure 1. 
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Problem: 

Negative peak 

D 
Reproduceable dip when valve 

~efore peak) 

Odd looking peaks 

Peak cut off in window 

[ill 
Reproduceable dip after peak 

[ill 
Small intermittent peaks 

D 

Cause: 

1. Contaminated carrier 
2. Bad or no S04 column or sample 

extremely high in hardness 
3. Samples high in oxidizing agents 

1. Bad color reagent 
2. Could also be valve turning artifact caused 

by a highly colored reagent 

1. Index of refraction problem, matrix related 
(usually acid or pH buffering) 

2. Also method interferences: high hardness 
on S04 method, oxidizing samples on 
nitrate method 

3. Bad reagents 

1. Flow problem 
2. Precipitate build-up on S04 manifold 

tubing 

1. Usually flow problem 
2. Valve not set to an initial load position 

state before starting run 
3. Incorrect pump setting or other timing 

problem 

1. Reagents exceeded-reagents improperly 
prepared 

2. Standards incorrectly prepared 

1. Bad column 

1. Milli-Q or reagents not degassed properly 
or adequately 

2. Waste line coil not installed (for the 
methods which require it) 

Three basic areas of troubleshooting: 
1. Fluidi~ (clogs, old pump tubing, crimp in manifold tubing) 
2. Chemtstry 
3. Timing (not usually a problem after initial development) 

BLH/rff 
[rff-genpol-604] . 
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Grain Size Distribution 
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Designation: D 422- 63 (Reapproved 1990)E1 

Standard Test Method for 

Particle-Size Analysis of Soils 1 

This sundard is iuued un<kr the fi•ed desicnation 0 •22; the number immediately follow;" I the dni~tion indiatn the yar of 

orisjftll adop~ion or, in the case ol'n:¥ision,the year of last n:v;sion. A number in parcnthC'K'S indiatn the year of last rupproval. A 

s~pcncripl epsilon (•) indicates an editorial chance since the lan n:v;sion or n:approval. 

"Non-Section 19 was added editorially in September 1990. 

1. Scope 
1.1 This test method covers the quantitative determina

tion of the distribution of particle sizes in soils. The 
distribution of particle sizes larger than 75 ~m (retained on 
the No. 200 sieve) is determined by sieving, while the 
distn'bution of particle sizes smaller than 75 ~m is deter
mined by a sedimentation process, using a hydrometer to 
secure the necessary data (Notes 1 and 2). 

NoTE 1-Sepantioa may be made oa the No.4 (4.7S-mm), No. 40 
(4~). or No. 200 (75-p.m) sieYC instead or the No. 10. For whatever 
si~ \I$Cd, the size shall be indicated in the l'q)Ort. 

Non 2-Two types or ctispenion dcviccs arc provided: (l) a 
hi&h-spcc:d mcc:hanial stirm", and (2) air dispersion. Extensive invcsti
ptions indicate that air~on devices produce a more positiYC 
dispcnioa of plastic soils below the ~m size and appreciably less 
dqndation on all si.u:s wben used with sandy soils. Because of the 
definite advantages favorin& air dispersion., its use is m:ommended.. The 
resulu from the two types or devic::cs differ in m.a&nitude, depending 
upon soil type. leadinc Ul marked differences in particle size distribu
tion, espcc:ially for si.u:s finer than 20 ~o~m. 

l. Referenced Documents 

2.1 ASTM Standards: . . 
D 421 Practice for Dry Preparation of Soil Samples for 

Particle-Size Analysis and Determination of Soil 
Consunts2 

E 11 Specification for Wire-Ooth Sieves for Testing 
Purposes3 

E 100 Specification for ASTM Hydrometers~ 

3. Appantus 

· 3.1 Balances-A balance sensitive to 0.01 g for weighing 
the material passing a No. 10 (2.00-mm) sieve, and a balance 
sensitive to 0.1 % of the mass of the sample to be weighed for 
weighing the material retained on a No. 10 sieve. 

3.2 Slirring Apparaius-Eitber apparatus A or B may be 
used. 

.J.2.1 Apparatus A shall consist of a mechanically oper-

1 This 1a1 mc\hod is under \he juritdinion o( AITM Comminec 0.11 on Soil 
1NI llock 1NI.is the diru1 raponlibility o( Subcomminec 011.03 on Te~tun:, 

l'laslicity, 1nd Ocn~1y Ch&raacristics of Soils. 
C11mnt edition 1ppro-..d Nov. ll, 1963. Oricinally publi.ned 1935. Jlcplac:a 

D•l2- 62. 
, AIIIIWl/ !oo/c of ASTM Slollli4,is, Vol ~.01. 
, AII~Wll !oolc of ASTM Slollli4nb, Vol 1<6.02. 
• A11111111l &ole of ASTM SIIINitl,ds, Vol 1•.03. 

90 

ated stirring device in which a suitably mounted electric 
motor turns a vertical shaft at a speed of not less than 10 000 
rpm without load. The shaft shall be equipped with a 
replaceable stirring paddle made of metal, plastic, or bard 
nibber, as shown in Fig. 1. The shaft shall be of such length 
that the stirring paddle will operate not less than 3/• in. ( 19.0 
mm) nor more than 1 'h in. (38.1 mtii) above _the bottom of 
the dispersion cup. A speciaf dispersion cup conforming to 
either of the designs shown in Fig. 2 shall be provided to hold 
the sample while it is being dispersed. · 

3.2.2 Apparatus B shall consist of "an air-jet dispersion 
cup' (Note 3) conforming to the general details shown in Fig. 
3 (Notes 4 and 5). 

NOTE 3-Tbe amount or air required by an air-jet dispersion cup is 
of the order of 2 f\3/min; some small air compressors arc not capable of 
supplyinc sufficient air to opc:nte a cup. 

NOTE 4-Anothcr air-type dispenioo device, known as a dispersion 
tube, developed by Chu and Davidson at Iowa Sate College, bas been 
shown to ci\.e results equivalent to thOse secured by the air-jet dispemoa 
cups. When it is used, soaking of the sample cao be done in the 
scdimenution cylinder, thus climinatin& the oec:d for tr:t.nsfening the 
sluJTy. When the air-dispersion tube is used, it shall be so indicated io 
the report. 

NOTE S--Water may c:oodensc in air lines wben not in use. This 
water must be removed, either by using a water trap on the air line, or by 
blowing the water out of the liDC before using any of the air for 
dispcnion purposes. • 

3.3 Hydrometer-An ASTM hydrometer. graduated to 
read in either specific gravity of the suspension or grams per 
litre of suspension, and conforming to the requirements for 
hydrometers 151 H or 152H in Specifications E 100. Dimen
sions of both hydrometers are the same, the scale being the 
only item of difference. 

3.4 Sedimentation Cylinder-A glass cylinder essentially 
18 in. (457 mm) in height and 21h in. (63.5 mm) in diameter, 
and marked for a volume of 1000 mL The inside diameter 
shall be such that the 1000-mL mark is 36 ± 2 em from the 
bonom on the inside. 

3.5 Thumometer-A thermometer accurate to 1 ~ 
(OSq. 

3.6 Si~es-A series of sieves, of square-mesh woven-wire 
cloth, confonning to the requirements of Specification E 11. 
A full set of sieves includes the following (Note 6): 

'Dnailecl _,k.in& draw;ncs for this cvp arc a...;llblc at a nominal CXIfl from 

the Amcriaa Soc;icly ror Tatin& 1NI Matc:riais, 1916 ~lace SL, Pbiladclpltia.. PA 

19103. Order Adjunc& No. ll-'04220-00. 
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Lp,~ 
-r;::,.l8 aw Go • 0.049" 

(a) {b) 

~tric Equiva'-ts 

in. 
nvn 

0.001 
0.03 

0.203 
5.16 

'11 
12.7 

:v. 
19.0 

FIG. 1 Detail ol Stirring Paddles 

3-in. (lS-mm) 
2-in. (SO.mm) . 
I YJ.in. (37.l.:mm) 
l-in. (25.0-mm) 
:V .. in. ( 19.0-mm) 
Yo-in. (9..l-mm) · 
No: 4. (~.7~mm): 

No. 10. (2.00.mm) 
No. 20 (8SO-j&m) 
No. 40 (42S1'm) 
No. 60 (2SO-j&m) 
No. 140 (l~m) 
No. 200 (7~m) 

NOTE 6:-,:-A, set o( sieves giving uniform spacing of points for the 
graph, as tequircd in Section 17, may be used if desired. This set consists 
of the following sieves: · 

~i·a. (7s-m~ No. 16 (1.18-mm) 
· I YJ.in. (37.5-mm) No. 30 (600-i&m) 
, :v .. in. (19.0-mm) No • .50 (JOO..iAm) 
; ¥.-in. (9.5-mm) No. 100 ( ljO-j&m) 

No..4 (~,ZHsm) No. 200 r~m) . 
. No. I (2.36-mm) . 

3.7· ·wizt;r£-aQii,.~ ~,- Constant-Temperature Roam-A 
water bath or constant-temperature room for maintaining 
the soil suspension at a constan~· temperature during the 
hydrometer analysis. A satisfactory water tank is an insulated 
tank that maintains· the· temperature of the suspension lJt a 
convenient constant temperature at· or near 68.F (2o·q. 
Such a device is illustrated in Fig. 4. In cases where the work 
is performed·. in. a room. at an automatically controlled 
constant temperatUre, the water bath is not necessary. 

3.8 Beaker-A. beaker of 250-mL capacity. ; 
3.9 Timing Devic~-:-A watch or clock . with a second 

hand. 

4. Dispersing Ageot 
4.1 A solution of sodium hexametaphosphate (sometimes 

called sodium metaphosphate) shall be used in distilled or 
demineralized water, at the rate of 40 g of sodium 
hexametaphosphate/litre of solution (Note 7). 

NOTE 7-Solutions of this salt. if acidic. slowly revert or hydrolyze 
back to the orthophosphate form with a resultant decrease in dispersive 
action. Solutions should be prepared frequently (at least once a month) 
or adjusted to pH of 8 or 9 by means or sodium carbonate. Bottles 
containing solutions should have the date or preparation marked on 
them. 

4.2 All '\Vater used shall be either distilled or 
demineralized water. The water for a hydrometer test shall 

-
,___.r 75·mam.---; 1---.I 75•diom. ----1 
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in. 
ln1l 

Per~anent 
Baffle 
Rods 

A 

~ 

r 

11 

_ _j 

1.3 
33 

2.6 
66' 

Removable 
-Baffle 
Rod~ 

B 

3.75 
95.2 

FIG. 2 Dispersion Cups of Apparatus 

-
-
-

-
be brought to the temperature that is expected to prevail 
during the hydrometer test. For example, if the sedimenta- -
tion cylinder is to be placed in the water bath, the distilled or 
demineralized water to be used shall be brought to the 
temperature of the controlled water bath; or, if the sedimen
tation cylinder is used in a room with controlled tempera
ture, the water for the test shall be at the temperature of the 
room. The basic temperature for the hydrometer test is 68"F 
(20"C). Small variations of temperature do not introduce 
differences that are of practical significance and do not 
prevent the use of corrections derived as prescribed. -
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AG. 3 Air-Jet Oiaperslon Cupa or Apparatu~. B 

5. Test Sample 
5.1 Prepare the test sample for mechanical analysis as 

outlined in Practice D 421. During the preparation proce-: 
dure the sample is divided into two portions. One portion 
contains only particle$ retained on the No. 10 (2.00-mm) 

· sieve while the other portion contains only particles passing . 
the No. 10 sieve. The mass of air-dried soil selected for 
purpose of tests, as prescribed in Practice D 421, shall be 
sufficient to yield quantities for mechanical analysis as 
follows: . . 

5.I.l The size of the portion retained on the No. 10 sieve 
shall depend on the maximum size of particle, according to 
the following schedule: 

Nominal OiamciCT or 
l.uJCSI l'lrLidcs, 

in. (mmf 
Approximalc Minimum 

Mass or Portion, 1 
¥1 (Y.j) ~ v. (19.0) 1000 

I (25.-4) 2000 
JI}J (31.1) j()()() 
2 (50.1) A()()() 
J ('76.2) ~ 

S.i.2 The size of the ponion passing the No. 10 sieve shall 
be approximately II 5 g for sandy soils and approximately 65 
g for silt and clay soils. 

· 5.2 Provision is made in Section S of Practice D 421 for 
weighing of the air-dry soil selected for purpose of tests, the 
separation of tbe soil on tbe No. 10 sieve by dry-sieving and 
washing, and the weighing of the washed and dried fraction 
retained on the No.· JO sieve. From these two masses the 
percentages retained and passing the No. I 0 sieve can be 
calculated in accordance with 12.1. 

Non a...:_A chcclc on the mass Ylllucs and the thorouahocss or pulYCriution or the clods may be KC\Irul by wei&hina lhc portion pusina the No. 10 s.icYC and addina this value to the ma.ss of the washed and oYCn-dried ponion ret.a.incd on the No. 10 s.ic"C. 

SIEVE ANALYSIS OF PORTION RETAINED ON NO. 10 
(:.00-nvn) SIEVE 

6. Procedure 
6.1 Scpar.ue the ponion retained on the No. 10 (2.00-

mm) sieve into a series of fractions using the 3-in. (75-mm), 

92 

h. 
llnl 

.... 
Metric fqulnlenta 

3 614 
762 1582 

'Ia ·• 1 
222 -· ' 1

25.4 

FIG. 4 Jn~late<f .Water Bath 

37 
~0 

2-in. (50-mm), Jlh-in. (37.5-mm), l-in. (25.0-mm), 3/~-in. 
(19.0-mm), 3frin. (9.5-mm), No. 4 (4.75-mm), and No. 10 
sieves, or as many as may be needed depending on the 
sample, or upon· the specifications for ~he material under 
test 

6.2 Conduct the sieving operation by means of a lateral 
and vertical motion of the sieve, accompanied by a janing 
action in order to keep the sample moving continuously over 
the surface of 1he sieve. In no case tum or manipulate 
fragmentS in the sample through the sieve by hand. Continue 
sieving until not more than 1 mass% of the residue on a 
sieve passes that sieve during I min of sieving. When 
mechanical sieving is used, test the thoroughness of sieving 
by using the hand method of sieving as described above. 

6.3 Determine the mass of each fraction on a balance 
confonning to the requirements of 3.1. At the end of weighing, the sum of the masses reuincd on all the sieves 
used should equal dosely the original mass of the quantity sieved. 

·------------------------------
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HYDROMETER AND SIEVE ANALYSIS OF PORTION 
PASSING THE NO. 10 (2.00-mm) SIEVE 

7. Determination of Composite Correction for Hydrometer 

Reading 

7.1 Equations for percentages of soil remaining in suspen
sion, as given in 14.3, are based on the use of distilled or 
demineralized water. A dispersing agent is used in the water, 

however, and the specific gravity of the resulting liquid is 
appreciably greater than that of distilled or demineralized 
water. 

7 .1.1 Both soil hydrometers are calibrated at 68"F (20"C), 
and variations in temperature from this standard tempera
ture produce inaccuracies in the actual hydrometer readings. 

The amount of the inaccuracy increases as the variation 

from the standard temperature increases. . 
7 .1.2 Hydrometers are graduated by the manufacturer ·to 

be read at the bottom of the meniscus fonned by the liquid 
on the stem. Since it is not possible to secure readings of soil 

suspensions at the bottom of the meniscus, readings must be 
taken at the top and a correction applied. 

7 .1. 3 The net amount of "the corrections for the three 
items enumerated is designated as the composite correction, 
and may be determined experimentally. 

7.2 For convenience, a graph or table of composite 
corrections for a series of 1" temperature differences for the 
range of expected test temperatures may be prepared and 
used as needed. Measurement of the composite corrections 
may be made at two temperatures spanning the range of 
e~pected test temperatures, and corrections for the interme
diate temperatures calculated assuming a straight-line rela
tionship between the two observed values. 

7.3. Prepare 1000 ~L of liquid composed. of ~~tilled or 
demineralized water and d.J,spersing agent in ~e same 
proportion as will prevail in the sedimentation (hydrometer) 
test. Place the liquid in a sedimentation cyclinder and the 
cylinder in the constant-temperature· water bath, set for one 

of the two temperatures to be used. When the temperature of 
the liquid becomes constant, insert the hydrom~ter:, and, 
after a short interval to permit the hydrometer to come to the 
temperature of the liquid, read the hydrometer at the top of 
the meniscus formed on the stem. For hydrometer 151H the 
composite correction is the difference between this reading 
and one; for hydrometer 152H it is the difference between 
the reading and zero. Bring the liquid and the hydrometer to 
the other temperature to be used, and secure the composite 
correction as before. 

8. Hygroscopic Moisture 

8.1 When the sample is weighed for the hydrometer test, 
weigh out an auxiliary portion of from 10 to 15 gin a small 
metal or glass container, dry the sample to a constant mass in 
an oven at 230 :± 9"F (II 0 :± 5"C}, and weigh again. Record 
the masses. 

9. Dispersion of Soil Sample 

9 .I When the soil is mostly of the clay and silt sizes, weigh 
out a sample of air-dry soil of appro:\imately 50 g. When the 
soil is mostly sand the sample should be appro:\imately 100 
g. 

.... 
93 

9.2 Place the sample in the 250-mL bealcer and cover with 
125 mL of sodium hexametaphosphate solution (40 giL). 
Stir until the soil is thoroughly wetted. Allow to soak for at 
least 16 h. 

9.3 At the end of the soaking period, disperse the sample 
further, using either stirring apparatus A or B. If stirring 

apparatus A is used, transfer the soil • water sh.my from the 
beaker into the special dispersion cup shown in Fig. 2, 
washing any residue from the beaker into the cup with 

distilled or demineralized water {Note 9). Add distilled or 

demineralized water, if necessary, so that the cup is more 
thaJ;l half full. Stir for a period of 1 min. 

Non 9-A large size syringe is a convenient device for handling the 

wacer iD the washing operation. Other devices include the wash-water 

bottle and a hose with nozzle connected to a pressurized distilled water 
tank. 

9.4 If stirring apparatus B {Fig. 3) is used, remove the 
cover cap and connect the cup to a compressed air supply by 

means of a rubber hose. A air gage must be on the line 
between the cup and the control valve. Open the control 
valve so that the gage indicates 1 psi (7 kPa) pressure (Note 
10). Transfer the soil- water slurry from the beaker to the 
air-jet dispersion cup by washing with distilled or 

demineralized water. Add distilled or demineraiized water, if 
necessary, so that the total volume in the cup is 250 mL, but 
no more. 

NOTE 10-The initial air pressure of I psi is required to prevent the 

soil- water mixture from entering the air-jet cllamber when the mixture 

is tiansferred to the dispersion cup. 

. 9.5 ·Place the cover cap on the cup and open the air 
control valve until the gage pressure is 20 psi (140 kPa). 
~ric the soil according to the following schedule: 

..... -~'ada 
DUpenion Period. 

mia 

l . . :' -' · UDder 5 . .5 
6 to 20 10 
Over 20 15 

~ih ~ntainlng larg~ Pc:rcentages of ~iea need ~ dispersed 

for .oil!y 1 mi~~ After the dispersion period, reduce the gage 
preSSure to .1 psi preparatory to t.rinsfer of soil- water slurry 
to ,the ~me?tation cylinder. · 

10. Hydrometer Test 

10.1 Immediately after dispersion, transfer the soil- water 
slurry to the glass sedimentation cylinder, and add distilled 
or demineralized water until the total volume is 1000 mL. 

-

-
.... 

-
... 

10.2 Using the palm of the hand over the open end of the -
cylinder (or a rubber stopper in the open end), turn the 
cylinder upside down and back for a period of 1 min to 
complete the agitation of the slurry (Note t"t). At the end of 
1 min set the cylinder in a convenient location and take -
hydrometer readings at the following intervals of time 
(measured from the beginning of sedimentation), or as many 
as may be needed, depending on the sample or the specifica- _ 

tion for the material under test: 2, 5, 15, 30, 60, 250, and 
1440 min. If the controlled water bath is used, the sedimen
tation cylinder should be placed in the bath between the 2-
and 5-min readings. 

NOTE II-The number of turns during this minute should be 

appro:~~imately 60, counting the tum upside down and back as two turns. 
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Anv soil remaining in the bonom of the cylinder during the fir1t _re":" 

tur~s should be loosened by vigorous shaking of the cylinder while 11 •s 

in the inverted position. 

10.3 When it is desired to take a hydrometer reading. 

carefullv insert the hydrometer about 20 to 25 s before the 

reading.is due to approximately the de~th !twill have when 

the reading is taken. As soon as the readtng 1s taken, carefully 

remove the hydrometer and place it with a spinning motion 

in a graduate of clean distilled or demineralized water. 

NOTE 12-lt is important to remove the hydrometer immediately 

after each reading. Readings shall be taken at the top of the meniscus 

formed by the suspension around the stem, since it is not possible to 

-- secure readings at the bonom of the meniscus. · 

L 
t 
1 

I 
1-, 
r 

r 

r 
.-

--..

' 

10.4 After each reading, take the temPerature of the sus

pension by inserting th~ thermemeter into the suspension: . · 

11. Sieve Analysis 

I 1.1 After taking the final hydrometer. r~ding, transfer 

the suspension to a No. 200 (75-JJ.m) sieve and wash with tap 

water until the wash water is clear. Tramfer .. the material on 

the No. 200 sieve to a suitable container,·4ry'in an oven at 

230 ± 9•F (110 ± s·q apd make a sieve analysis of the 

portion retained, using as many sieves as desired, or required 

for the material, or upon the specifi_~~.n. ~f- the material 
under test. . .. · . :rf • • _~. •. · .• 

! .. , 

CALCULATIONS AND REPORT 
. • ...... !:: ~~ ;! ; ~ .. -:·~. , 

12. Sieve Analysis Values for the Porti~~.Coaner ~~the 
No. 10 (2.00-mm) Sieve · , .. • · · 

12.1 Calculate the percentage passing ¢e No: 10 sfev'e by 

dividing the mass passing the No. 10 sie-Ve bY the mass of soil 

originally split on the No. 10 sieve, and multiplying the result 

by 100. To obtain the mass passing the No. 10 sieve, subtract 

the mass retained on the No. 10 sieve from the original mass. 

12.2 To secure the total mass of soil passing the No. 4 

(4.75-mm) sieve, add to the mass of the material passing the 

No. 10 sieve the mass of the fraction passing the No.4 sieve 

and retained on the No. I 0 sieve. To sec:Ure the total mass of 

soil passing the l!J.in. (9.5-mm) sieve, add to the total mass of 

soil passing the No. 4 sieve, the mass of the fraction passing 

the lfl-in. sieve and retained on the No. 4· sieve. For the 

remaining sieves, continue the calculati~ns in the _same 

manner. 
··12.3 To determine the total percentage passing for each 

sieve, divide the total mass passing (see 12.2) by the total 

mass of sample and multiply the result by 100.: 
• 

·\: •• ••••• ·\~ .: •• 0 • 

13. Hygroscopic Moistur~ Correction Factor . 

13.1 The hydroscopic moisture correction· factor is 'the 

ratio between the mas$ of the oven-dried sample and the 

air-dry mass before drying. It is a number less than one, 

except when there is no hygroscopic moisture. 
. ! 

14. Percentages of Soil in Suspension 

14.1 Calculate the oven-dry mass of soil used in the 

hydrometer analysis by multiplying the air-dry mass by the 

hygroscopic moisture correction factor. · · 

14.2 Calculate the mass of a total sample represented by 

the mass of soil used in the hydrometer test, by dividing the 

oven-dry mass used by_ the percentage passing the No. 10 

94 

TABLE 1 Values of Corre-ction Factor, a, for Oitferent Specific 
Gravities of Soil ParticlesA 

2.95 
2.90 
2.85 
2.80 
2.75 
2.70 
2.65 
2.60 
2.55 
2.50 
2.45 

Correctoan Factor~ 

0.94 
0.95 
0.96 
0.97 
0.98 
0.99 
1.00 
1.01 
1.02 
1.03 
1.05 

A For use in equation for percentage of soil remaining in suspension wtlen usinQ 

Hydrometer 152H. 

(2.00~mm) sieve, and multiplying the result by I 0(). This 

value is the weight W in the equation for percentage 

remaining in suspension. . . . : . . . . . 
. 14~3 The percentage of soil remairung in suspension at the 

level at which the hydrometer is measuring the de~~ity of the 

suspension may be calculated as·_follows (Note: 13): .For 

hydrome:er 151_H: . . · 

P • [(100 000/W) x G!(G- G1)}(R -· G1) 

NOT£ 13-The br.tcketed p0nion of the equation for· hydrometer 

1 S 1 H is constant for a series of readings and may be calculated first and 

then multiplied by the ponion in the parentheses. · 
.. 

Fo~ hydr~meter 152H: · .. 

P • (RajW) X 100 

where:· 
a • correction. faction to be applied to the reading of 

hydrometer 152H. (Values shown on the scale are 

computed using a specific gravity of 2.65. Corr~tion 

factors are given in Table 1), 
P • percentage of soil remaining in suspension at the level 

at which t_he hydrometer measures the density of the 

suspension, 
R ... hvdrometer reading with composite correction ap-

piied (Section 7), · 

W "" oven-dry mass of soil in a total test sample repre

sented by mass of soil dispersed (see 14.2), g, 

G = specific gravity" of the soil particles, and 

G1 -= specific gravity of the liquid in which soil particles are 

suspended. Use numerical value ·of one in both 

· instances in the equation. In the first instance any 

possible variation produces no significant effect, and 

in the second instance, the composite correction for R 
is based on a value of one for G1• 

15. Diameter of Soil Particles 

· .15.1 The diameter of. a particle corresponding to the 

percentage indicated by a given hydrometer reading shall be 

calculated according to Stokes' law (Note 14), on the basis 

that a particle of this diameter was at the surface of the 

suspension at the beginning of sedimentation and had settled 

to the level at which the hydrometer is measuring the density 

of the suspension. According to Stokes' law: 

D • J[30n/980(G- G1)) x L(T 

where: 
D -= diameter of particle, mm, 
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n coefficient of viscosity of the suspending medium (in 
this case water) in poises (varies with changes in 
temperature of the suspending medium}, 

L = distance from the surface of the suspension to the 
level at which the density of the suspension is being 
measured, em. (For a given hydrometer and sedimen
tation cylinder, values vary according to the hydrom
eter readings. This distance is known as effective 
depth (Table. 2)), · ' · · T ,. interval of time from beginning of sedimentation to 
the taking of the reading, min, ·· · 

G ,.;, sPe<:ific gravity of soil particles, and · · ·· · 
G1 ,.. specific gravity (relative density} of suspending me

dium (value may be used as 1.000 for all practical . purposes}. · · · · 
NOTE 14-Since Stokes' law considers the terminal velocity of a single- sphere falling in an infinity ofliquid, the sizes c:alc:ulatcd represent the diameter of spheres that would (all at the same rate as the soil 

panicles. 

15.2 For convenience in calculations the above equation 
may be written as follows: · 

D- KM 
where: 
K = constant depending on the temperature of the suspen

sion and the- specific gravity .of the soil particles .. Values 
of K for a range of temperatures and specific gravities 
are given in .Table 3. The.value of K does n6t"change for 
a series of readings constituting a test, while values of L and T do vary. · . . . : 

15.3 Values of D may be computed with .sufficient accu~· 
racy, using an ordinary 10-in. slide rule. · 

NOTE 15-The value of Lis divid~ by"Tusing the A- and B-scalcs, the square root being indicated on the D-scale. Without ascertaining the value of the square root it may be multiplied by JC. using either the C-or 
C/-scalc. 

16. Sieve Analysis Values for Portion Finer than No. 10. 
(2.00-mm) Sieve . · 

16.1 Calculation of percentages passing the various sieves: 
used in sieving the portion of the sample fron:i the hydrom
eter test involves several steps. The first step is to calculate 
the mass of the fraction that would have been retained on the 
No. 10 sieve had it not been removed. This mass is equal to 
the total percentage retained on the No. 10 sieve (100 minus 
total percentage passing) times the mass of the total sample 
represented by the mass of soil used (as calculated in 14.2), 
and the result divided by 100. · 

16.2 Calculate next the total mass passing the No. 200 
sieve. Add together the fractional masses retained on all the 
sieves, including the No. 10 sieve, and subtract this sum froin 
the mass of the total sample (as calculated in 14.2). 

16.3 Calculate next the total masses passing each of the 
other sieves, in a manner similar to that given in 12.2. 

16.4 Calculate last. the total percentages passing by di
viding the total mass passing (as calculated in 16.3) by the 
total mass of sample (as calculated in 14.2), and multiply the 
result by I 00. 

17. Graph 
17.1 When the hydrometer analysis is performed, a graph 

9S 

TABU! 2 V11uH of Et1~e ~ S.Md on Hydl"':>tn.tet lnd 
s.dimentadon Cylin<Mt of ~ SlzHA 

Hya-omet.- 15tH 

1.000 15.::1 
1.001 15.0 
1.()02 15.4 
1.003 15.5 
1.0()4 15.2 
1.005 : 15.0: 

1.006 
1.()07 

1.006 
1.009 
1.010 

1.011-
1.012 
1.013 
1.014 
1.015 

14.7 
1•U 

. 14.2. 
13.9-. 
13.7 

13.4 
13.1 
12.9 
12.5 
12.3 

Ac!WI 
HydrQmet• 

Reeding 

1 
2 
3 
4 
5 

,. 5 

7 
a 
9 

10 

11 
12 
13 
1.& 
15 

H)Oome<• 152H 

F.ll~ Ac:tu.i 
Cepcn, 1-tydromet.-
t..an Rea0ng 

Hl.3 31 · 
18.1 32 
18.0. 33 
15.8 34 
15.5 35 
is.s 
15.3 . . 3& 
15.2 37 
15.0 .. -~ 38 
1"-S .... y ::19 
1.4.7 <40 

14.5· 41 
1<4.3 42 
14.2 <43 
14.0 "' 
13.8 45 

~ 
41 . 

en.:-
0e¢1. 

·, L. an 

11.2 
. : ·11.1 

10.9 
10.7 

: "10.8 
t 

10.4 
:. .. 10.2 
·: :10.1 
.. 9.9 

,:;: 9.7 

•' 9.5 
9.4 
92 
9.1·· .• 
u 

1 a.ar 
u 
8.4 

-

1.018 
1.017 
1.018 
1.019 
1.020 

12.1 
11.1 
11.5 
11.3 
11.0 

18 
17 
14 
19 
20 

13.7 
13.5 
13.3 
13.2 
13.0 

~ 
49 
50 :::;- ...... 

1.021 
1.022 
1.023 

; "1.024• 
1.025 

1.02e 
1.027 
1.028 
1.029 
1.030 

1.03( 
1.032 
1.033 
1.()34 

•.0:1.035 -· 
1.()38 

1.037 
-1.038 

10.7 
10.5 
10.2 
10.0 
9.7 

9.4 
9.2 
8.9, 
u 
8.4 

'!.• ···~· 
8.1 
7;1 
7.5 
7.3 

"7.0-, 
u 
8.5 
8.2 

21 
22 
23' 
24 
25 

12.9 
12.7 
12.5 
12.4 
12.2 

2S 12.0' 
'ZT 11.9 
28 .)1.7 - •. 
29 11.5 
30 11.4 ... :· 

"';! •. ·•· 

; 
51 • 7.9 
52 , 7.8 
53 ....• 7.8. 
5.& ·,_ ·• 7 • .& .• 
55 ·.7.3 

58... 7'.1 ' 
-~ ·.7.0~-
58··· :s.a·,, 

: .. ~ )~:.-;. 
i ~ t . ;. 

i • i .. ~ .J •• ' .. 

: :~-r ; . : .t . . 

"v-.. ot elfectiYe Clep4n ere CIIIGUated trom tne equri:ln: -
t. • !., + •n {L1 ·;_ (V.IAIJ 

L • drecuve depth, em. . . !. _. : •• L, • diJlaiiC>C alone the stem of the hydrometer from the top of the bulb ID tbc · marlt for a hydtomefAir !Qdinc. em, · · · · 1..: • O¥crall len~th of the hydrometer bulb. em, ' ·. · : ·' ' -v. • volume of hydrometer bulb, em'. and 
A ~ cna-~onal an:& of sedimentation cylioclcr, em1 •.. 
Values used in calculating tne valua in Table 2 are as r~ 
For botllllydrometers. 15tH and 152H: 
L: • 14.0em 
v. • 67.0em' 
A • 27.1 em1 

For l'!ydtOmelet 151 H: 
L, • 10.-' em for ~ readins of 1.000 

• 2.3 em for a rndins of I.OJ I 
For llydrllmetet 152H: 
L, • 10.5 em for a rcadins of 0 &!litre 

• 2.3 em for • readin& of 50 &!litre 

of the test results shall be made, plotting the diameters of the 
particles on a logarithmic scale as the abscissa and the 
percentages smaller than the corresponding diameters to an 

-

-

-
-
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TABL.f 3 Values of K for Uae in Equation for Computing Diameter of Puticle in Hydrometer Analyaia 

Temperature, 
Specrhc Gr&VfiY ot Sool PantdeS 

·c 2.45 2.50 2.55 2.60 

16 0.01510 0.01505 0.01481 0.01457 

17 0 01511 0.01486 0.01462 0.01439 

18 0.01'92 0.01467 0.01' .. 3 0.01 .. 21 

19 0.01 .. 74 O.Q1~9 0.01 .. 25 0.01403 

20 0.01456 0.01431 0.01 .. 08 0.01386 

21 0.01 .. 38 0.0141" 0.01391 0.01369 

22 O.OU21 0.01397 0.0137 .. 0.01353 

23 O.Ot.tO<l 0.01381 0.01353 0.01337 

24 0.013M 0.01365 0.013"2 0.01321 

25 0.01372 0.013"9 0.01327 0.01306 

26 0.01357 0.01334 0.01312 0.01291 

27 0.013"2 0.01319 0.01297 0.012n 

28 0.01327 0.01304 0.01283 0.0126-4 

29 0.01312 0.01290 0.01269 0.012"9 

30 0.01298 0.01276 0.01256 0.01236 

arithmetic scale as the ordinate. When the hydrometer 
analysis is not made on a portion of the soil, the preparation 
of the graph is optional. since values may be ~ed directly · 
from tabulated data. · · · 

18. Report ·: 

18.1 The report shall include the following: 
18.1.1 Maximum size of partiCles, . 
18.1.2 Percentage passing (or retained on) each 'sieve, 

which may be tabulated or presented by plotting on a graph 
(Note 16), 

18.1.3 Description of sand and gravel particles: 
18.1.3.1 Shape-rounded or angular, 
18.1.3.2 Hardness-hard and durable, soft,"or weathered 

and friable, . _ '. . . 

18.1.4 Speci"fic gravicy, if unuSually high or low, 
18.1.5 Any difficulty in dispersing the fraction passing the 

No. 10 (2.00-mm) sieve, indicating any change in type and 
amount of dispersing agent, and 

18.1.6 The dispersion device used and the length of the 
dispersion period. 

NoTE 16-This ubulation of graph represents the v-ada tion of the 
sample tested. If panicles lafJCr than those conu.iocd in the sample were 
removed before testing, the report. shall so state pving tht amount and 
maximum size. 

18.2 For materials tested for compliance with definit~ 
specifications, the fractions called for in such specifications 
shall be reported. The fractions smaller than the No. 10 sieve 
shall be read from the graph. · · ·· · 

18.3 For materials for which compliance with definite 
specifications is DOt indicated and when the soil is composed 
almost entirely of particles passing the No. 4 (4.75-mm) 
sieve, the results read from the graph may be reported as 
follows: 

2.65 2.70 2.75 2.80 2.85 

0.01435 0.01414 0.01394 0.01374 0.01356 
0.01 .. 17 0.01396 0.01376 0.01356 O.Ql338 

0.01399 0.013711 0.01359 0.01339 0.01321 

0.01382 0.01361 0.01l-42 0.1323 0.01305 
0.01365 0.013" .. 0.01325 0.01307 0.01289 

0.013"11 0.01328 0.01309 0.01291 0.01273 
0.01332 0.01312 0.0129" 0.01276 0.01258 
0.01317 0.01297 0.01279 0.01261 0.01243 
0.01301 0.01282 0.0126-4 0.01246 0.01229 
0.01286 0.01267 0.012-49 0.01232 0.01215 

0.01272 0.012S3 0.01235 0.01218 0.01201 

0.01258 0.01239 0.01221 0.0120" 0.011&8 
0.01244 0.01255 0.01208 0.01191 0.01175 
0.01230 0.01212 0.01195 0.01178 0.01162 
0.01217 0.01199 0.01182 0.01165 0.01U9 

(I) Gra'PCI. pusin& ~in. and rcu.ined on No.4-~· .•• : • ...... " 

(2) Sand.. pusinc No." s>c-..: and rcu.ined on No. 200 ~ ••••...••.• " 

(G) <:Dux sand, paRft& No. .. s>c-..: a.nd rcWDt:d OG : • .•• ; •• ; •••• ; • " 

No.IOt>c-..: • •. . . • . . 

(b) Medium snd. pusi.aa No. 10 sic'¥C and miiilcd oii ·•· .......... " 
No.40t>c-..: . 

(c) fine sand. pusi111 No. 40 sic-..: and rcu.ined oa No. • •.•....... " 
200 sic-..: 

(J) Sih .w:. 0.07.C 10 0.005 111111 .••••••••••• " 

(4) Cay sW:, sm.allcr t.bau.O.OOS mm . · ........... " 

~ sm&Jicr thaJI 0.00 I m.~ ~ . ~ . ~ ...... " 

·.18.4. For materials for which complianCe ~tb definite 

specifications is not indicated and when the Soil contains 
material retained on the No. 4 sieve sufficient to require a 
sieve analysis on that portion, the results may be_ reported as 
follo.ws (Note 17): · 

~in. 

2-in. 
IYHn. 
l-in. 
If.. in. 
~ill. 

sic-..: Siz.c 

No.4 (-4.75-mm) 
No. 10 (2.00-mm) 
No. 40 (-425-jlm) 
No. 200 (75-jlm) 

0.07-4 mm· 

0.005 mm 
0.001 mm 

SIEYE ANAl. YSIS 

...... 

HYDROMETER ANAl. YSIS 

··············· 
··············· 

' . ··············· 
Non 17-No. I (2.36-mm) and No. s<) (JOO.tim) sieves nu.y. be 

substituted for No. 10 and No. 40 sieves. ·· 
~ i. 

19. Keywords . 

19.J &rain-siz~ hydrometer analysis; hygroscopic mois
ture; particle-size; sieve analysis 
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~~ Designation: D 1140- 54 (Reapproved 1990)E1 All Amenc.on Nnonal Stat'dMd 

Standard Test Method for 
Amount of Material in Soils Finer Than the No. 200 (75-~m} 

Sieve1 

This standard is issued under the fixed dcsi&~~ation 0 1140: the number immediately followins the dni&nation indicates thC year of 

oripnal adoption or. in the case of revision. the year of last revision. A number in parenthcxs indicates the year of last rcapproval A 

supcncript epsilon (•) indicates an editorial c:hansc sinc:c the last revision or reapproval 

Tltis sta~tdard lta.s IHrn appro~ for usr by a,rrteirJ of tJrr DrptUfmmt of D~rrur. COtt.Sult I~ DoD /Nir.r of Sp«ificaJiotU a1td 

SlaftdiudJ for lltr sp«ific yrtl' of is.su.r wlticlt lt4s b«tt adoptrd by tltr DrptUfmrlfl of D~tr~Sr. 

"Non-Editorial c:hangcs were made throu"'out in September 1990. 

1. Sco~ 
1.1 This test method covers determination of the total · 

amount of material in soils finer than the No. 200 (75-J.Lm) 

sieve. 

2. Referenced Documents 

2.1 ASTM Standards: 
D 422 Method for Particle-Size Analysis of Soils2 

E 11 Specification for Wire-Cloth Sieves for Testing Pur
poses3 

3. Apparatus 

3.1 Sieves-A nest of two sieves, the lower being a No. 

200 (75-J.Lm) sieve and the upper a No. 40 (425-J.Lm) sieve, 

both conforming to ASTM Specification E 11. 
3.2 Containers-A pan or vessel of sufficient size to 

contain the test sample covered with water and to permit 

vigorous agitation without advertent loss of any part of the 

sample, and a second pan or container for use in drying the 

test sample after washing.. 

4. Test Sample 

4.1 The test sample shall be selected from material that 

has been thoroughly mixed. A representative sample, suffi

cient to yield not less than the approximate weight of dried 

material shown in the following table, shall be selected using 

a sample splitter or by the method of quartering: 

Nominal Diameter of 
urgcst Particle, in. 

0.0787 (No. 10 sieve) (2.0 mm) 

0.187 (No.4 sieve) (4.75 mm) 
lf•(l9.0mm) 
I (25.0 mm) 
1'fr or over (37.5 mm) 

5. Procedure 

Appro•imatc 
Minimum Weight 

of Sample,& 

200 
soo 

ISOO 
2000 
2500 

5.1 Dry the test sample to a constant weight at a temper-

1 This tm method is under the jurisdiction of ASTM Commiuec D-18 on Soil 

and Rock and is th~ d"cct responsibility of Subcommiuec 018.03 on Texture. 

P1a.sticitv and DcnSJt> Cha~ctcristic:s of Soils. 

Curr~nt cdnion ~pprovcd Sept. 15. 1954. Ori&inally issued 1950. Replaces 

D 11-'0- ~T. 
2 Aftnual Book 11[ AST.II StuftdurdJ. Vol 04.08. 
~ ,lnftUQ/ Bwk t1{ -IST.\f Stantlartb. Vols ().1.0 I. 04.02. o.a.06. 05.05. and 14.02. · 

ature not exceeding 230 ± 9 F ( 110 ± 5 C) and weigh to the 

nearest 0.05 percent, or alternatively, weigh the test sampk 

moist and use an auxiliary moisture content sample to 

determine the moisture content of the sample. The weight of 

the moisture content sample shall be between 20 and 30 

percent of the weight of the test sample. Calculate the 

oven-dry weight of the test sample from the moist weight and 

the moisture content. 
5.2 Place the test sample in the container, add sufficient 

clean water to cover it, and allow to soak a minimum of 2 h 

(preferably overnight). 
5.3 Agitate the contents of the container vigorously and 

pour the wash water immediately over the nested sieves, 

arranged with the coarser sieve on top. Repeat the process of 

adding clear water to the container to cover the sample, 

agitating the contents of the container, and pouring the wash 

water over the nested sieves until the wash water is clear. 

When the total sample is small, the entire contents of the 

soaking container may be transferred to the nested sieves 

after the first washing and the washing operation completed 

in accordance with 5.4. The wash water need not be saved. 

185 

NOTE 1-The percentage value secured at the end of the test may not 

be com:ct (being too low) for soils containing relatively high percentages 

of the minus 200 fraction. This appears to be due chiefly to inadequate 

agitation. When it is desired to secure the exact percentage for the minus 

200 fraction for such a soil, the portion of the sample passing the No. 40 

sieve and retained on the No. 200 sieve secured in the w:uhing 

operation, sh~l be transferred to the dispersion cup of the stirring 

apparatus used in Method D 422. The cup filled h~f full with water and 

the contents agitated for I min. After this agitation the contents of the 

cup sh~l be transferred to the nested sieves and washing continued. 

If the stirring apparatus has not been used prior to the drying of the 

portion of the sample larger than the No. 200 (75-j.tm) sieve. and it is 

desired to do so after drying. the dried material shall be separated on the 

No. 40 (425-1-!m) sieve; the portion retained shall be saved: and the 

portion passing shall be placed in the dispersion cup with water and 

agitated for I min with the stirring apparatus as previously described. 

The c:ontents of the cup shall be transferred to the No. 200 sieve. 

washed. and dried. The revised tot:ll weight retained on the No. ~00 

sieve shall be secured by combining and weighing the two fr~ctions. 

5.4 Transfer the sample to the nested sieves and wash with 

running water (Note 2). When the sample is larger than can 

be handled at one time on the nested sieves. wash a ponion 

of the sample and tr.msfer to the container in which it is to 

be dried. 

NOTE 2-Tapping of sieves has been round to e~peditc:: the washing 

operations. 

-

-

-
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5.5 Dry the: washed material retained on the nested sieves 

--in a container to a constant weight at a temperature: not 

exceeding 230 ± 9 F (110 ± 5 C) and dry-sieve it on the 

nested sieves (Note 3). Weigh the dry material retained on 

__ !he nested sieves to the nearest 0.05 percent. 

NoTE 3-Some material pa.ssc:s the: No. 200 (75-j.lm) sieve: on dry 

sieving that did not pass during the: washing opention. When desired, a 

sieve: analysis may be: made on the ponion .of lhc: sample retained on the 

~No. 200 sieve, in accordance wilh Method D 422. 

6. CAlculation 

- 6.1 Calculate the results as follows: 

where: 
p 

P• [(W.,- W1)/W.,] X 100 

percentage of material finer than No. 200 (75-~m) 

sieve, 
weight of original sample on an oven-dry basis, g and 

oven-dry weight of sample after washing and dry

sieving. g. 

7. Keywords 

7.1 grain-size; No. 200 sieve; particle-size; sieve analysis 

~--
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BORING/SAMPLE 

PAN NO. 

STfJbT ~T .. fr HYD -are · 

E~~nW\i/r~~MARKS 

1 1/2 

1 

3/4 

1/2 

3/8 

#4 

#8 

#10 

#16 

#30 

#40 

NSO 

#80 

#100 

#200 

WARZYN. 

I 

SIEVE ANALYSIS ASTM C 14 7-80 
COMPUTER CALCULATION SHEET 
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.. I 

I 

I 
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SIEVE ANALYSIS 

JOB: 

SAMPLE NO. 

PJl.N NO. 

-· 
Start Samp 1 e Weight = 

End Sample Weight = 

Weight of P200 Loss = 

P200 Loss Weight = 
Start Sample Weight 

Sieve Comm. Ht. Percent. 
Size Retained Passing 

---- ------ -----
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May 6, 1988 
99194 

PARTICLE-SIZE ANALYSIS OF SOIL 

ASTM D 422-63 

Procedure to make dispersing agent and calibration: 

1. Add 40 grams Sodium Hexametaphosphate to 1000 cc of De-aired 
Demineralized Water at 20°C. (160gm/4000cc) 

2. Add 11.7 grams Sodium Bicarbonate to each lOOOcc of agent (brings PH 
to 8.3) (35 gm/4000cc) 

3. Allow to Stand for 24 Hours Before Using. Mix Thoroughly. 

4. Mark Stock Solution with Date and Discard at 30 days. 

5. Each Soil Sample Receives 125 ml of Stock Solution. 

6. Add 125 ml of Stock Solution to a 1000 ml Sedimentation Cylinder and 
Fill to the 1000 ml mark with Demineralized Water at zoo C. 

7. Record Correction Factor with a 152H Hydrometer. Record Temp. (should 
be 20°). 



FLUID 

Cold Tap Water 

Hot Tap Water 

Hot Tap Water 

Cold Tap Water 

Distilled Water 

99194.00 
DWA/mml/DWA 
[mml-401-92] 

HYDROMETER CORRECTION 

SOLIDS ADDED 

None 

None 

Deflock Agent 

Deflock Agent 

Deflock Agent 

-
HYDROMETER READING 

GM/LITER (152 H Hydrometer) -
+1 

0 

+6 

+7 

+6 

-
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pH 

Scope and Application: This method is applicable to surface water, wastewater and 
groundwater. 

Method: Potentiometric 

Reference: EPA 1983, p. 150.1 

Sensitivity: 0.01 pH unit 

Optimum Range: pH 1.00 to 12.00 

Sample Handling: Determine on-site, if possible, otherwise within 24 hours. 

Reagents and Apparatus: 

1. pHmeter 
2. Combination pH electrode. 
3. Magnetic stirrer and stir bars (for lab use). 

4. Beakers or plastic cups. 
5. pH buffer solutions, pH 4.00, 7.00, and 10.0. 

6. Deionized water 

Notes: 

1. The pH test is temperature dependent. Therefore, temperatures of buffers and 

samples should be within 2°C of each other. For refrigerated or cool samples, use 

refrigerated buffers to calibrate meter. 

2. Interferences in pH measurements occur with presence of weak organic and 

inorganic salts, and oil and grease. If oil and grease are visible, note on data sheet. 

Clean electrode with soap and water, followed by 10% HCl and deionized water. 
Then recalibrate meter before analysis of next sample. 

3. Electrode should be stored in pH 7.00 buffer, or electrode storage solution. 

4. Before leaving laboratory for field work: 

a. Check batteries. 

b. Do quick calibration at pH 7.00 and 4.00 to check electrode 
response and batteries. 

c. Obtain fresh pH buffer solutions. 

5. Following field measurements: 

a. Report any problems with meter or electrode. 

[FIELDSOP-998] pHl-1 



b. Clean meter and meter case. 

c. Make sure electrode is stored in pH 7.00 buffer. 

Calibration: 

1. Place combination electrode in fresh pH 7.00 buffer solution. 

2. After allowing meter to stabilize, turn calibration dial until reading of 7.00 is obtained. 

3. Rinse electrode with deionized water and place in pH 4.00 buffer solution. 

4. Wait for reading to stabilize and then turn slope adjustment dial until reading of 4.00 is obtained. 

·-

5. Rinse electrode with deionized water and place in pH 7.00 buffer. If meter reading -is not 7.00 + 0.05, follow Steps 2-5 again. 

6. Rinse electrode with deionized water and place in pH 10.00 buffer. Reading must be in the range of 9.90-10.10 or calibration must be repeated. 

Procedure: 

1. All glassware is to be soap and water washed, tap rinsed and deionized water rinsed prior to analyses. 

2. Calibrate meter using calibration procedure. 

3. Pour the sample into clean beaker or plastic cup. 

4. Place stir bar in beaker and put on magnetic stirrer (low speed) for lab measurement of pH. Swirl cup gently for field measurement of pH. 

5. Check temperature of sample. It should be± 2°C of the buffer soluti~ns. 
6. Rinse electrode with deionized water.· 

7. Immerse electrode in sample. The white KO junction on side or bottom of electrode must be fully immersed in solution. Allow sufficient time for reading to stabilize. Record pH. Rinse electrode with deionized water. 

8. Check calibration with pH 7.00 buffer solution initially and after every 10 samples and at the end of the analytical run and record on data sheet. Buffer solution should read ± 0.05 of true value. 

QuaJity Control: 

1. Duplicate 1 out of 10 samples. If less than 10 samples are analyzed, a duplicate is still required. Duplicates should be within acceptable ranges. Average the results. 
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Appendix C2 

Conductivity 



Scope and Application: 

CONDUCTIVITYYSI METER 

This method is applicable to surface water, wastewater and 
groundwater. 

Method: Specific Conductance (Electrical Conductivity), umhos/cm@ 25oc 

Reference: EPA 1983, Method 120.1 

Detection Limit 10 umbos/em@ 25°C 

Sample Handling: Determine on-site or within 28 days 

Reagents and Apparatus: 

1. Conductivity meter, YSI 33 SCT 
2. Deionized water 
3. conductivity standard, 1000 umhos/cm@ 25°C. Commercially Available 

Notes: 

1. All conductivity readings must be corrected to 25°C. 

Procedure: 

1. All glassware is to be soap and water washed, tap rinsed and deionized rinsed prior to 
analysis. 

2. With mode switch of the meter in the OFF position. Check the zero setting. If not at 
zero, use meter adjusting screw to zero (on front of the meter). 

3. Plug probe into jack located on side of meter. 

4. Turn mode switch to red line, and turn red line knob until needle aligns with red line 
on dial. Change batteries if meter cannot be aligned. 

5. Analyze the conductivity standard. If the result is within 90-110% of the standard 
value, analyze samples. A standard should be analyzed after every 10 samples and at 
the end of the analytical run. Table 1 lists non-temperature compensated values for 
both of the standards. Use this table as a reference when a calculator is not available 
to perform temperature correction on the standards. 

6. Totally immerse and suspend the probe in the water sample. Do not allow probe to 
touch the sides of the sample container. 

7. Turn mode switch to the appropriate conductivity scale (X100, X10, or Xl). Use the 
scale that produces a mid-range output on the meter. 

8. Wait for needle to stabilize (about 15 ~econds) and record conductivity. Multiply the 
conductivity reading by the scale setting. 

9. While gently agitating the probe, take sample temperature COC) to nearest 0.5°C and 
record. 
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10. Rinse probe with deionized water. 

11. Record specific conductivity and temperature. 

12. Store probe in D.I. water between uses whenever possible. 

13. Turn mode switch to the OFF position when finished. 

Quality Control: 

1. A quality control calibration standard of 1000 umhos/cm is to be analyzed, initially and 
after every 10 samples. If less than 10 samples are analyzed, a calibration standard is 
still required. The last sample analyzed in the run is to be the calibration standard. 
These standards must be within 90-110% of the standard value or the samples run after 
the last acceptable check standard are to be reanalyzed. 

2. Duplicate a minimum of 1 out of 10 samples. If less than 10 samples are analyzed, a 
duplicate is still required. Duplicates are to be averaged. Duplicate values are to be 
within acceptable ranges. 

Calculation: 

1. Calculate specific conductivity at 25° C using following formula: 

G25 = ____Qr __ 
[1 + 0.02 (T-25)] 

G25 = Specific conductivity at 25°C, umhos/cm 

T = Temperature of sample, o C 

GT = Conductivity of sample at temperature T, umhos/cm 
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Tablel 
NON-TEMPERATURE COMPENSATED CONDUCTIVITY 

STANDARD READINGS FOR 1,000 AND 10,000 umbos/em STANDARDS 

Conductivity Standard Conductivity Standard 
1,000 u.m.hos/cm 10,000 umhos/cm 

Conductivity Conductivity 
Standard Should Degrees Standard Should Degrees 

Read at co Read at co 

500 0 5000 0 
520 1 5200 1 
540 2 5400 2 
560 3 5600 3 
580 4 5800 4 
600 5 6000 5 
620 6 6200 6 
640 7 6400 7 
660 8 6600 8 
680 9 6800 9 
700 10 7000 10 
720 11 7200 11 
740 12 7400 12 
760 13 7600 13 
780 14 7800 14 
800 15 8000 15 
820 16 8200 16 
840 17 8400 17 
860 18 8600 18 
880 19 8800 19 
900 20 9000 20 
920 21 9200 21 
940 22 9400 22 
960 23 9600 23 
980 24 9800 24 

1000 25 10,000 25 
1020 26 10,200 26 
1040 27 10,400 27 
1060 28 10,600 28 
1080 29 10,800 29 
1100 30 11,000 30 
1120 31 11,200 31 
1140 32 11,400 32 
1160 33 ·11,600 33 
1180 34 11,800 34 
1200 35 12,000 35 

[FIELDSOP-999] CONDYSIF-3 



-
Revision Date 

9-06-86 

4-27-87 

2-17-88 

2-09-90 

(- t/-'12-

-
Supervisor, Qua · 

±(,~3~ 
Director, Analytical Services 

-

[FIELDSOP-999] CONDYSIF-4 



Appendix C3 

Field GC VOC Screen 



Effective Date: 

FIELD ANALYSIS OF VOLATILE ORGANICS 

Scope and Application: 

Target Compounds: 

Benzene 
1,1-Dichloroethane 
1 ,2-Dichloroethane 
1,1-Dichloroethene 
cis-1 ,2-Dichloroethene 

This method covers the determination of the following 17 organic 
compounds in water and soil gas. 

trans-1 ,2-Dichloroethene 
Ethyl benzene -
Tetrachloroethane 
Toluene 
1,1, 1-Trichloroethane 

Trichloroethene 
m-Xylene 
o-Xylene 
p~Xylene 

Note: m-xylene and p-xylene are not separated by this method. Therefore the sum of the 
unresolved peaks are reported. 

Method: Headspace - Gas Chromatographic/Photoionization and Hall Electrolytic Conductivity 
Detection. 

Reference: "EPA Test Methods tor Evaluating Solid Waste", SW-846 Methods 3810, 8010 and 
8020 with modifications. 

Reporting Limits: See table 1 

Optimum Range: Headspace 5.0-50 ug!L-of water, soil gas 5.0-50 ug/L of soil gas. 

Sample Handling: Water samples are to be collected in 4G-mL vials with open screw-caps and 
teflon faced silicone septa. They should be collected so that no headspace 
remains in the bottle. Soil gas samples are to be collected in 250 mL glass 
bulbs in a manner that provides the complete purging of the bulb. All samples 
should be protected from sunlight and transported to the field lab as soon as 
possible. 

Reagents and Apparatus: 

1. Open screw cap 40 rnL vial (Pierce #13075 or equivalent). 

2. Septum- Teflon-faced silicone (Pierce #12722 or equivalent). 

3. 250 mL gas sampling bulbs. 
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4. Gas chromatograph- Varian 3400 equipped with PID and Hall detectors in series. 

5. Column 1-8-ft x 1/8-in. stainless steel, packed with 1% SP 1000 on Carbopack B (60/80 

mesh). 

6. Dual-channel Integrator/Recorder. 

7. Syringes - 1 and 5 mL gas tight, fitted with shut-off valves and 22 gauge needle. 10, 100, 

and 1,000 mL gas tight syringes. 

8. Balance - ± 0.0001 g. 

9. Balance-± 0.01 g. 

10. Reagent water- organic free water or cold tap water which has been shown to be organic 

free at the method detection limit. 

11. 25 mL TC graduated cylinders. 

12. Constant temperature water bath- 55°C. 

13. Volumetric flasks- assorted. 

14. Pipettes- assorted. 

15. Standard reference materials~ Chern Service 

16. Screw top vials- 10 mL 

17. Mininert valves caps lined with teflon. 

Standard Preparation: 

1. Stock standard solutions: Prepare a VOC standard containing the target analytes at 

5000 ug/mL in methanol. 

[QASOP-495) 

• Add about 20 mL of methanol to a 25 mL volumetric flask. Allow the flask to stand 

unstoppered until the methanol on the neck of the flask has dried. Replace the stopper. 

• Tare the flask on the analytical balance. 
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• Remove the stopper and, using a 100 uL syringe, add 0.125 g (correct for% purity) of 
the reference material to the flask. Make sure the drops fall directly into the methanol 
Without contacting the neck of the flask. Replace the stopper. 

• Determine the amount of reference material added. Rinse the syringe with methanol, 
tare the flask, and add the next standard. 

• After all the reference materials are added, fill to volume with methanol, cap and invert 
to mix. 

• Transfer the final stock standard into a screwtop vial and cap the using a mininert valve 
teflon cap. 

2. Secondary Standard Solutions 

Prepare secondary target standards according to the following scheme: 

Standard mLs Final Volume Concentration 

5000 uglmL 
500 uglmL 
50uglmL 

1mL 
1mL 
2mL 

10mL 
10mL 
10mL 

500 uglmL 
50 uglmL 
lOuglmL 

Dilute to the volume with methanol and transfer into a screwtop vial with mini inert valve 
teflon cap. 

Note: Stock standards and secondary standards should be prepared before going out into 
the field. This will reduce in the necessary equipment needed on-site. 

3. Working Headspace Calibration Standards: Prepare working calibration standards 
according to the following scheme: 

Secondary Standard Amount Final Volume Concentration 

500 uglmL 
50uglmL 
50uglmL 

20uL 
40uL 
20uL 

200mL 
200mL 
200mL 

50 ug/L 
10 ug!L 
5 ug!L 

[QASOP-49S] 

Fill a 200 mL volumetric flask with reagent water to the mark. Directly inject the 
secondary standard into the water with an appropriate microliter syringe. 

Invert each standard 3 times, discard the first 10 mL in the neck of the volumetric and 
transfer aliquots of the freshly prepared working standards to 40 mL VOC vials, (No 
headspace) and cap. 
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Calibration: Target Headspace Standards 

1. Remove and discard approximately 10 mL from a freshly prepared standard and place the 

vial (capped) now having about 10 mL of headspace in a 55°C water bath with the water 

level sufficient to equal the water level in the vial. 

2. Allow time for equilibration of temperature (10 minutes). 

3. Through the septum of the vial, using a 5 mL gas tight syringe with needle remove 5 mL of 

headspace gas for injection into the gas chromatograph. 

4. Construct an external standard curve of peak area response versus concentration for each of 

the compounds of interest 

5. A calibration check is performed after each set of 10 samples and as the last sample of the 

day. If the response for any of the target compounds varies from the calculated response 

by more than ± 30%, a new calibration curve should be prepared. 

Soil Gas (Total Nanograms): 

1. Inject 5.0 uL of the 5 ug/mL standard into the gas chromatograph. 

2. Use a 1-point standard curve of peak area response versus total nanograms injected for 

each of the compounds of interest. 

3. A calibration check is performed after each set of 10 samples and as the last sample of the 

day. If the response for any of the compounds varies from the expected response by more 

than ± 30%, the average response should be used. 

Sample Analysis: 

Water Samples: 

1. Water samples are received in 40 mL VOC vials. Uncap and decant 10 mL of the sample 

from the vial. Recap the vial containing 30 mL of sample. 

2. Place vials in a 55°C water bath and allow to equilibrate for 10 minutes. 

3. Through the septum of the vial, using a 5 mL gas tight syringe with needle remove 5 rnL of 

headspace gas for injection into the gas chromatograph. 
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4. If any compound of interest is outside the calibration curve and an accurate 
concentration is required, a dilution of the sample is made using organic free water and a 
fresh vial of sample. The headspace analysis is then repeated. 

Soil Gas Samples: 

1. Soil gas samples will be received in 250 mL glass bulbs. When received, they are allowed 
to equilibrate to the ambient air temperature. 

2. Remove 5 mL of soil gas through the sampling septum and inject into the gas 
chromatograph. 

3. If any compound of interest is outside the calibration curve and an accurate concentration 
is required, a smaller aliquot is taken from the same sample bulb. 

Chromatographic Conditions: 

Column: 8-ft x 1/8-in stainless steel, packed with 1% SP-1000 on Carbopack B (60/80 mesh). 

Carrier Gas: Helium - Ultra High Purity Grade (Linde) 35 mL/min 

Detectors: (in series) 

1. Photoionization 10.2eV 

Sensitivity - Range 11 x Attenuation 8 
Temperature- 240°C 

2. Ha11700A 

Mode - Halogen 
Reactor Temperature - 1000°C 
Solvent Flow - 0.8 mL/min Methanol 
Hydrogen Flow- 60 rnUmin 

Injector: Temperature - 200°C 

Oven*: Initial - 60° - 0 min 
Rate 20°C/min 
Final - 200°C - 7 min 

* Conditions listed can be varied as needed for changing applications. 
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Headspace Calculations: 

1. Review the chromatograms and data reports for each analysis. Check for gross errors such 

as incomplete data reports because of faulty integration. 

2. Prepare external standard calibration curves for each compound using at least three data 

points and linear regression analysis. 

3. Calculate the concentration found in the samples from the calibration curves using the 

following equations: 

ug/L=AxDF 

where: A =Amount of compound found in the analysis in ug/L (from linear 

regression). DF = Dilution factor. 

Soil Gas Bulb Calculations: 

1. Review the chromatograms and data reports for each analysis. Check for gross errors such 

as incomplete data reports because of faulty integration. 

2. Calculate the mass per liter of each parameter found in the samples using the following 

equation. 

ng/L = R(samp) x ng(std) 
R(std) x VL 

where: R(samp)= Response ofparameterin sample 

R(std) = Response of parameter in standard 
ng(std) ng of standard injected 
VL = Volume of aliquot taken from bulb (in L) 

Data Reporting: 

1. All results, standards conditions, and notes will be recorded in a bound field notebook. 

2. All data generated by field G. C. will be considered as tentatively identified, with 

concentration being estimated. 

3. All raw field data will be forwarded to Warzyn Inc., Analytical Laboratory for fmal review 

and archiving. 
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Quality Control: 

1. Each analytical run should begin with a headspace standard curve consisting of 50, 10, 5 

ppb and a blank. Every eleventh analysis thereafter and the last sample analyzed should be 

a 10 ppb standard. Continuing calibration standards should be within± 30% of the original 

standards or a new standard curve should be prepared and samples analyzed since the last 

check standard reanalyzed. 

2. Direct inject 5 uL of a 5 ug/mL target standard (25 ng) for a 1-point soil gas curve. 

3. A minimum of 10% duplicate samples should be analyzed. If less than 10 samples are 

analyzed, a duplicate sample should still be analyzed. Duplicates should be within± 15%. 

4. New stock standards should be prepared monthly in the laboratory. New secondary 

standards should be prepared weekly in the laboratory and brought to the field location 

while maintaining a temperature of approximately 4°C (iced). 
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TABLE I 

Target VOC Reporting Limits for Water Headspace 

Compound 

Toluene 
1,1-Dichloroethene 
Trans-1 ,2-Dichloroethene 
Trichloroethene 
Tetrachloroethene 
Benzene 
Ethyl Benzene 
1,1, 1-Trichloroethene 
1,1-Dichloroethane 
1 ,2-Dichloroethane 
cis-1 ,2-Dichloroethene 
m+p-Xylene 
o-Xylene 

Compound 

Toluene 
1,1-Dichloroethene 
cis-1 ,2-Dichloroethene 
Trans-1 ,2-Dichloroethene 
Trichloroethene 
Tetrachloroethene 
Benzene 
Ethyl Benzene 
1,1, 1-Trichloroethene 
1, 1-Dichloroethane 
1 ,2-Dichloroethane 
m+p-Xylene 
o-Xylene 

[QASOP-49S) 

Reporting 
Limits (ug/L of water) 

5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 

Soil Gas Reporting Limits 

Reporting 
Limits (ug/L of soil gas) 

5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 

BC-FGC-8 
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Production Planning & control SOP 1.1: Logging In Samples 

The following steps are completed for all samples as they are 

received by CompuChem Laboratories (if for any reason a sample 

requires special handling upon receipt, the Manager of Production 

Planning and Control is consulted for directions as to the proper 

handling and documentation of the samples). 

• Before opening and while inspecting each sample, each 
employee is required to wear protective clothing (lab 
coat, safety glasses and gloves). These items need to 
be worn at all times when in the marked areas (colored 
line). 

• Each sample container is inspected before opening, making 
sure that it has not been damaged or'opened during 
shipment. For those clients using padlocks, sealing 
tape, or custody seals, these items are inspected to 
make sure that they are intact and this observation is 
recorded on the chain-of-custody form (Attachment 1). 
If the custody seals, tapes, or padlocks are broken, one 
must contact customer Service (for commercial samples) or 
the Sample Management Office (for EPA samples) for 
permission to continue processing the sample. 

• Each container is opened under the hood and checked for 
breakage. The condition of the refrigerant is checked 
(whether any ice remains or whether the cooling packs 
are solid) and the temperature of a representative 
sample (liquid samples only) is obtained by immersing a 
clean thermometer in the sample. The temperature is 
recorded on the Sample Record (Attachment 2). · 

• The temperature and pH are recorded on the Log-In Sheet. 
If a temperature or pH variance occurs, a QA Notice is 
written and associated with the sample (Attachments 3-4). 

Receiving personnel must sign and date all chain-of
custody documentation upon sample receipt and record any 
discrepancies (sample matrix, for instance) on the chain
of-custody form. 
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• The Supervisor of Sample Receiving must verify that the 
Receiving Clerk has signed and dated the chain-of-custody 
form. 

• When a CompuChem SampleSaver is received, the Samp.lesaver 
number is recorded on the Log-In Sheet and is entered 
into the LMS system by number. 

• Samples are removed from the shipping container and the 
sample identification information on the sample bottles 
is compared to the sample information on the traffic 
sheets, packing lists, and Chain-of-Custody Form included 
in the container (Attachments 5-11).* For EPA samples, Form 
DC-1 is filled out as well, per USEPA SOW. If discrepancies 
exist, the problem is noted on the Chain-of-Custody Form; 
the Receiving Clerk notifies Customer Service (for 
commercial samples) and the Supervisor notifies SMO 
(for EPA samples). 

• Each water VOA is checked for air bubbles and headspace, 
and noted on the Chain-of-CUstody Form as well as the 
Log-In-Sheet. 

• On each complete and correct EPA Chain-of-Custody and 
Traffic Report the statement 'Received in Good Condition' 
is written or stamped, initialed and dated by the 
receiving individual. 

• On each complete and correct Commercial Chain-of-custody 
the statement 'Received in Good Condition• is written or 
stamped, initialed and dated by the receiving individual. 

* NOTE: For samples associated with NJDEP X-408, an NJDEP059 
"Sample Analysis Request Form" will accompany the samples 
upon receipt (Attachment 12). 

-
-

-

-
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Received in Good Condition' is intended to indicate that 
the sample or samples were received intact with all 
associated sample tags (if applicable), custody seals 
(if applicable), pH for inorganics, and corresponding 
documentation in order. All sample tags (if received) 
regardless of condition are retained and stored in grey 
folders which are produced along with sample records, for 
CLP deliverables samples. If there are any discrepancies 
in the documentation or other problems (such as breakage 
of the containers or chain-of-custody seals), the 
exceptions are noted on the appropriate documents, 
initialed and dated. 

,4 
• The statement 'Received in Good Condition' does not, 

however, include sample temperature since EPA samples are 
generally received at temperatures above the recommended 
4°C. The temperature is noted on the sample Log-In 
Sheets and the gray envelope. 

• Incoming samples are checked against SMO scheduled 
receipts (for EPA samples). 

• The sample is logged in on the Log-In Sheet Log, noting 
the following items: 

Case number 

CompuChem sample ID 

Receiving date (RD) 

Analysis codes 

Volume received 

Temperature 

Client name or order number 

Sampling date (SD) 

Matrix 

pH (Inorganics Samples Only, 
see PP&C SOP 3.1) 

• For EPA samples, the samples' account data is entered 
into the marketing section of the CLMS in order to 
generate the order number and associated requisition 
numbers. For commercial samples, customer service is 
contacted to check for the existence of the order and 
to receive requisitions for analy::oec. The order is then 
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completed in the CLMS, and the EPA Scheduling Log 
(Attachment 13) is also completed.). 

• The sample is entered into the sample receipt portion of 
the CLMS in order to generate a CornpuChem number for each 
sample. The CompuChem number is filled in on the 
accessioning log sheet (this completes the log sheet). 

• The CompuChem number is a unique, six digit identity 
which is generated by the LMS system in numerical 
sequence. It can be cross-referenced to the Client ID. 

A CompuChem label is generated in numerical sequence, 
with the CompuChem number. .l 

• The samples are labelled with the CompuChem number by 
wrapping each sample bottle with its computer-generated 
Compuchem sample label. Sample labels are color coded~ 
and are to be rotated with a different color every 2 week 
period by the Supervisor of Receiving or the Supervisor 
designee. 

• Each Log-In Sheet is reviewed by the Supervisor of 
Environmental Receiving to ensure information is 
documented. After review each log sheet.is stamped as 
reviewed and initialed and dated. 

• The labelled samples are transferred to the secured, 
locked walk-in cooler facility. 

• The CompuChem number is listed on the original Chain-of
Custody Form next to the associated client ID when 
possible. 

• The Quiz portion of the CLMS is accessed to produce the 
worksheets for EPA sample analyses. For EPA samples the 
system will generate volatile, semi-volatile, and 
pesticide worksheets. For commercial and inorganic 
samples, the appropriate worksheets are pulled from the 
worksheet files; the analysis codes for these samples 
should have been included with the packing information 
and confi~ed with customer Service. ·All laboratory 
worksheets are distributed to the appropriate Production 
Planning and Control Planner. 

-

-
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• To produce EPA quality control worksheets for the QC 
samples associated with a batch of samples, EPA Water or 
EPA Solid programs of Quiz in the CLMS is accessed and 
the samples' CompuChem Numbers are entered; these 
worksheets are copied on green paper. To assemble 
commercial QC worksheets, the appropriate green fraction 
worksheets are pulled from the trays in the Shipping and 
Receiving area. Separate QC Sample Records are used to 
document the analysis of the QC samples associated with a 
particular system and are put into green QC folders for 
Report Integration. Included in the commercial folder 
are the Sample Record (generated by the CLMS) , a copy of 
the order form, and, if necessary, a copy of the Chain-
of-Custody Record. ,~ 

• Commercial file folders are assembled for Report 
Integration; included in the production sample's folder 
are ~ne sample Record, customer-sample Information Sheet 
and Chain-of-Custody Record; the QC Sample Record is 
included in the green Quality Control folder which also 
goes to Report Integration. 

• EPA file folders are assembled for Report Integration; 
EPA only has the Sample Record in the file folder. 
A gray envelope contains all materials for the case 
including: yellow copy of the OTR (Organic Traffic 
Report), Chain-of-CUstody, original air-bill, a copy of 
the Log-In Sheet, a copy of the EPA Scheduling Log, 

Custody Tags (if received) and a gray envelope contents 
sheet (Attachment 9). The white copy of the OTR is 
returned with a cover sheet to the EPA/SMO (Sa~ple 

Management Office) (Attachment 10). 

• If problems arise concerning received samples, Customer 
Service is contacted (for commercial samples) or the 
Technical Management Staff is contacted (for EPA samples 
see below). 

• Samples are sometimes received from the EPA that should 
not have been sent. Therefore, they require a transfer. 
The followi~g steps should be taken: 

1. Fill out a new Chain-of-Custody Form using the 
information on the sample tags. 
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2. Sign the Chain-of-Custody in the first section 
labeled "Relinquished By". 

3. 

4. 

A Copy of Chain-of-Custody is kept for our records; 
the original is sent with samples. A copy of the 
paperwork received with the samples should also be 
sent. 

Notations are made on the Traffic Reports stating 
samples are being sent to another laboratory. 

Samples hand-delivered after business hours should be recorded as 
follows: 

'~ 
1. The actual date of sample receipt shall be recorded 

on the Chain-of-Custody (see Note). 

2. The date and time of sample receipt are recorded on 
the TRs as follows: 

a. Organic Traffic Report 

Date and time of receipt in Colurr~ F, sample 
condition upon rece.ipt. 

b. Inorganic Traffic Report 

Same as above 

The notation 11H.D." (Hand-Delivered) or "Received by Common Carrier" 
should be recorded next to the actual sample receipt time and date. 
The following calendar day shall be recorded in the block designated 
for Receipt Date on the Organic/Inorganic Traffic Report. 

Samples received after business hours are logged in like samples 
received during regular business hours (page 1 of this SOP details the 
procedure for logging in samples). 

Note: For New Jersey DEP Chain-of-Custody procedure, see 
Production Planning and Control SOP 3.2 and the note on 
page 2 of 19 of this SOP. 

-

-

-

-

-
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Requisition Number: 
Case: 
Turnaround: Priority: 
Analysis Codes: 

Lab Instructions 
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CompuChem Number: 
Account Number: 

Due: 

- - - - -~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Sample Identification: 
SS Number: 
Date Received: 
Receiving Information: 
Containers Received: 
Matrix: Temp: 

De1iverables Code: 

Laboratory 
Completion 
Date 

Company Name: 

Repeat 
Date 

SS Code: 
Receiving Codes: 

Time: 

Samo1ing Oate(s): 

Deliverables -------

. ! 

-

-

-

-

-

-
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Requisition Number: 
Case: 
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CompuChem Number: 
Account Number: 

- - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - -
FOOTNOTES: 

----------------------------------------
Company Name: 
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QUALITY ASSURANCE NOTICE 

CompuCheml 

Sample ID 
easel 
Type of Analysis 

Receipt Date 
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The pH reading for the sample above was ____ , the required pH level is ____ . 

The Client was contacted by a member of CompuChem's Environmental Marketing 

Department. The Environmental Receiving Department was instructed to: 

OANR2 

900130 

Preserve In-House 

Analyze - Qualify with Notice 

Dispose - Client will Resample 

Subcontract Lab to Preserve 

Supervisor Signature 

Date 

-

-

-
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QUALITY ASSURANCE NOTICE 

CompuChemN 
Sample ID 
Case# 
Type of Analysis 

Receipt Date 

A I I Al..MMt.N I 't 
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The required temperature for Environmental samples· requiring Organic/Inorganic 

Analysis is 4C ( +/-2C). The temperature on the sample above was ____ • 

Department. The Environmental Receiving Department was instructed to: 

QANR3 
900130 

Analyze- Qualify with Notice 

Dispose - Client will Resample 

Supervisor Signature 

Date 

,f 



r---

COMPUGHEM lABORATORil:S 

RECElVED ON: 

CASE I ORGnNOnG: onoEnl 

DELIVERED DY: FREIGHT"'s 

ACCOUNT I: CONTRACT I REGION: SAMT: 

1:!:2',=; 

:ra.i 
!::"4:! 
;;5:' 

6 

:?h 
·~:~\: 

if:'g~ 
ib'i: 
{1:/ 
1'~1: 
J~')' 

ta'' 
f;s:;: 
1'~:! 

l_7,J,: 

1'fi\ .... 

f~X 
iti\ 
LOGGED-IN DY: RECEIVED DY: REVIEWED: 

I OF PAGES OF 
CASE I'D 

TAT C-Of-C Y or N 

TAGS VorN 

I 

-

IQO~(J) 
PIPI(l)CD 
I.Ort<O 

CD (1) 1-'· rt 
•• Ill 1-'· 

.... 1-'·0 
N O::S 

Cll::S 
oro z 
H!'d z 0 

rt 0 • 
N (1) • oa ~ 

tJ' \D • 
(1) ~ 

t1 

.... 
0 .. 
.... 
\D 
~ 
0 



.-----
COMPUCHEM LABORATORIES 

RECEJVEO ON: 
IOFPAOES OF 

CliENT: onoen• CASE I'D 

O(LIVERED OY: FREIGHT l's TAT C-OF-C Y or N 

SUDCONnlACTI SSI 

;: 1Jf::I7nEMAitt<s7% r=:\AEO', jJttdDtFSAMPle iO'WMFm-w:1l=ltfitiiSO'M:IL:tEM~/I S(jj I chtj:'pi-fjlli'ANAiilbboaf; %Mx:;f MM1m~;Wt1HV5tOM~biJM~(MlU:Wt 

'{1;: 
·~'i2' 

/3'' 
f~n 

)5<:; 
':"6: 
U.7:t 
'!:~~ 
'':{f 
1o/ 
l'1k 
f~.( 

if~~ 

ltl'~l~· 
i~s~; 

i'a=~ 
f1:; 
fa=; 
1'!f 
'>'·!'·'i 
20: 

LOOGEO-IN DY: RECEIVED DV: REVIEWED: 

'"dO::dCI) 
Jll Jll (1) (1) 

~ rt < 0 
(1) (1) .... rt 

•• (II .... 
....., .... a 
w 0::1 

CI)::S 
0(1) z 
Hl"d z 0 

rt 0 • 
N (I) • oa .... 

0' \0 • 
(I) .... 
11 

.... 
0 .. 
.... 
\0 
\0 
0 

):> 

):> 
r. 
:I: 
3: 
p 
:z 

0'1 



-.:r: 

'· 

COMPUCHEM LABORATORIES 

date shipped date received 
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to consignee: _______ from consignee: -------

number of sample:-------------------

consignee name: ------------------------

address: -----------------------------

DO NOT REMOVE: FOR COMPUCHEM USE ONLY 

-

-

-

-
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PLEASE NOTE THAT ANY AND ALL PRESERVATIVE($} ARE TO 
BE ADDED BY THE CUSTOMER AT THE TIME OF SAMPLE COLLECTION 

At the end of the sampling period, it is vital to ship the sample via express 
transportation. To insure proper follow-up and prompt analysis, please call 
1/800-334-8525 and provide us with the following information: 

1. Date Shipped 
2. Time Shipped 
3. Freight Carrier 
4. Freight Bill of Lading Number 

Sampling Period 

From: 
Date _______________________ __ 

Time ----------------------------
To: 

Date -------------------------

Time --------------~__..:_ ___ _ 

Company -----------------------------------

Address ------------------------------------------------

City & State-------------------------- Zip Code---------

Sample Name/Number ----------------------------------------------
Return this form in the envelope provided and return with the SAMPLESAVER. 

Thank you. 

PLEASE NOTE THAT ANY AND ALL PRESERVATIVE($) ARE TO 
BE ADDED SY THE CUSTOMER AT THE TIME OF SAMPLE COLLECTION. 
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CONfENTS OF FOLDER 

DATE: 

EPA: () ORGANIC () INORG 

CASE#: 

NO. OF TRAFFIC RPTS: 

# ITEM 

~CHALN-DF...CUSTODY 

~AIRBILL 
~ DAILY LOG SHEET 

~ TRAFFIC REPORT 

STAGS 
6 SMO COVER LEITER 
~SCHEDULING LOG 

..• ··.=:· 

.. = . .. : 

. ·-~ . ;· . . . .-:-· ··:·:. ·~:.:·. · .. ;. 

SAMPLE RECEIVING: 

Y N NA 

DOCIDvffiNT A TION CONTROL: 
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COMMERCIAL: () 

CLlENT: 

ORDER#: 

COMMENTS .1 
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.· 
lAb Jfua: Contract Mo.s '1-Cl-______ _ 

-
1&b Co<!•: ------ C&aa ICo.a· ------ SAS Jfo.a -----
1'Ull S&1pla Analy~i• Pri~ in Contracta •-----

SOO !{~./Firat Sa:ple in soo: 
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aa:plaa received under Stx=) 

Sa:pla Receipt Data: 

Sa:ple Recei~t Data: 

~PA Sa:ple N~era in tht SOG (li~ted in alphanu:erie cr~er)s 

, 1i 

2 u 

1 u 

' 
I .n 

' " 
.y 

I ---------------------------
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' 
, . -· 

(MM/DO/Y't) 

(MX/DO/'t't) 

Note1 ~here are a aaxi~ua oi~o field sa~plas 1n an sec. 

Att!ch ~r~ffic ~~porte to this !orm !n al~hanu~er!c order 
(i.e., th~ order listed on this form). 

·~ . · Sulple CUstodian Date 
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CO:MPUCHEM LABORATORIES 

EPA SCHEDULING LOG 

WEEK ENDING SATURDAY: 
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CASFJ/: ()NEW CASE () OLD CASE () COMPLETED CASE 

REGION: TIJRNAROUND TIME: 

ACCOUNT#: CONTRACT#: CONTRACT$ 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

QUANITY RECEIVED #OF SAMPLES 

CONCENrRATION: () LO\V 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

SMO CONTACTED AT (TIME) 

RESOLUTION FROM SMO: · .. : 
. . ..·~- . ·.: .. 

···:: .. · 

I~ • '•, • :: ~-· •, 

..... 
··.- .. . .. : .... 

SPOKE TO: 

-
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CBAIN-OF-CUSI'ODY 
Superfund Level 

Effective Date:. __ /_,.._6_-_~_Z_ 

Scooe and Application: Chain-of-custody procedures are used to maintain and document 
sample possession. This particular procedure is applicable when full 
chain-of-custody procedures are required for enforcement driven 
investigations. 

Reference: NEIC Policies and Procedures, May, 1978 (Revised March, 1986). 
EPA-330/9-78-001-R. 
U.S. EPA Central Regional Laboratory (10/15/82). 

Due to the legal nature of enforcement driven investigations, possession of samples 
must be traceable from the time the samples are collected until introduced as 
evidence in legal proceedings or destroyed. To maintain and document sample 
possession, strict chain-of-custody procedures are followed. 

A sample is under your custody if: 

1. It is in your possession, or 
2. It is in your view, after being in your possession, or 
3. It was in your possession and you locked it up, or 
4. It is in a designated secure area. 

Field Custody: 

1. 

2. 

3. 

4. 

As few people as possible should handle samples. 

The field sampler is personally responsible for the care and custody of the samples 
collected until they are properly transferred or dispatched to the appropriate 
laboratory. 

Sample tags and labels shall be completed for each sample, using water proof ink 
(unless prohibited by weather conditions). For example: a log book notation would 
explain that a pencil was used to fill out the sample tag/label because a ball point pen 
would not function in freezing weather. 

The field project coordinator determines whether proper custody procedures were 
followed during the field work and decides if additional samples are required. 

Transfer of Custody and Shipment: 

1. Samples will be packaged properly for shipment and dispatched to the appropriate 
laboratory for analysis, with a separate custody record accompanying each shipment. 
The method of shipment, courier name, and other pertinent mformation is entered in 
the "Remarks" (#14) section of the custody record (see Figure 3). Shipping 
containers are "sealed" with numbered chain-of-custody seals. The seal numbers are 
also noted in the "Remarks" section of the custody record. 

[QASOP-499] COC3-1 Rev Date 12/91 



- :[ 

2. Samples are accompanied by a chain-of-custody record (see Figure 3). When 
transferring the possession of samples, field personnel will complete the information 
required for #1 throu~ #11 on the chain-of-custody. Any remarks pertaining to 
shipping are included m #14. This information is required prior to the field 
personnel relinquishing custody of the samples. This record documents sample 
custody transfer from the sampler, to the mobile laboratory or a distant laboratory. 

3. Each shipping container will be accompanied by a chain-of-custody record identifying 
the contents. The original record will accompany the shipment, and a copy will be 
retained by the field project coordinator. 

Sample Receipt and Sample Log-In Procedures: 

Safety Precautions: All samples received should be considered hazardous and appropriate 
precautions should be taken when handling these samples. Under no circumstances 
should any personnel other than the sample custodian or project leader open coolers. If 
damage or leakage is noted, stay clear of the coolers and notify the sample custodian or 
project leader immediately. All samples will be opened in a hooded area! 

Sample Receipt: 

1. The project leader will notify the sample custodian in writing of incoming samples. 

2. The custodian will receive the samples and deliver them to a hood located in the 
analytical laboratory. The procedures described below will be followed by the sample 
custodian: 

a. Examine the shipping container and record the following information on the 
project log form (Refer to Figure 1). A separate project log form is required for 
each shipping container. 

• The presence/absence of custody seal on the shipping container. 

• The condition of the custody seal (i.e., intact, not intact). 

b. Open the shipping container in a hooded area, remove the enclosed sample 
documents, and record the following information on the project log form. 

• The presence/absence of the chain-of-custody record(s). 

• The presence/absence of airbills and/or bills of lading documenting shipment 
of the samples. 

c. Remove the samples from the container and record the following information in 
the project log form. 

• Condition of samples (intact, broken, leaking, cold, etc). 

• The presence/absence of sample tags. 
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• Sample tag numbers. Compare these numbers with the chain-of-custody 
record(s) (Figure 3). If sample tag numbers do not match. Record this fact on 
both the chain-of-custody record and project log form and contact the 
operations manager so that the discrepancy can be resolved. 

d. Compare the following documents to verify agreement of the information 
contained on them. 

• Chain-of-custody records. 

• Sample tags. 

• Airbills or bills of lading. 

e. Sign the Chain-of-custody (Figure 3- #12 and #13), project log form and airbills. 

Log-In and Tracking: 

Note: The laboratory is a secured area with strict limited access. Any samples arriving to 
the laboratory during "off hours" are stored in the laboratory refrigerator until they are 
lo~ed in. Laboratory personnel are responsible for the care and custody of the samples 
dunng the analysis stage and until the samples are removed from the refrigerator and 
properly disposed of. 

1. Log-In Procedure: Samples are logged in as follows (Refer to Appendix 1): 

a. Sample Information: Care should be taken to document the condition of samples 
upon receipt. Anomalies such as broken or leaking bottles, expired holding times, 
improper labeling or preservation, and air bubbles in VOA vials should be noted 
on the chain-of-custody. It should also be noted whether the samples arrived cold. 
The project manager will be informed about discrepancies and will determine 
action to be taken. 

b. Numbering Samples: Number the samples on the chain-of-custody form. Record 
lab numbers used in the black lab book. 

Note: • Sample preparation is required if the samples need to be filtered and/or 
preserved in the lab. 

• If metals are requested, metal digestion is required for all matrices. 

• Sample com positing is required if the lab is instructed to composite a series of 
samples received into one sample for analysis. 

c. Subcontracted Work Required: Refer to the subcontracting SOP for further 
instructions on subcontracting samples. 

d. Special Accounting Notes: If there is a discount or a special proposal for the 
sample analyses to be charged, record that information on the chain-of-custody. 

[QASOP-499] COC3-3 Rev Date 12/91 



e. labeling Bottles: 

• Record the lab number on the sample bottle label, tags and caps using a water
proof marker. 

• Check that the appropriate preservation and preparation has been circled. 

• If metals and total hardness are both required, using a red water-proof marker, 
place a dot on the bottle cap of that bottle to be used for those analyses. 

f. Preserving Samples: Samples which have been preserved in the field must be 
checked via pH paper in the laboratory to insure they were preserved to the 
correct pH. The project manager will be notified about any incorrectly preserved 
samples. Check preserved samples as follows: 

• Acid-preserved (HN03 or H2S04) samples must be preserved to a pH < 2. 
Using a pH stick, check the pH. If the pH is not < 2, note this on the 
chain-of-custody, then add additional acid until a pH is obtained. It is critical 
that the correct type of acid be added. 

• Base-preserved NaOH samples must be preserved to a pH > 12. Using a pH 
stick, check the pH. If the pH is not > 12, note this on the chain-of-custody, 
then add additionallON NaOH until a pH > 12 is obtained. 

• Base-preserved NaOH with ZnAc samples must be preserved to a pH > 9. 
Using a pH stick, check the pH. If the pH is not > 9, note this on the 
chain-of-custody, then add additional lON NaOH until a pH > 9 is obtained. 

1. Samples which have not been preserved in the field need to be preserved in the 
laboratory. Record any preservation done in the lab on the field sheets or custody 
records. Refer to Figure 4 for preservation requirements and preserve 
accordingly. It is important that samples arrive in appropriate containers (see 
Figure 4). If they do not, contact the inorganic/organic supervisor. They will 
determine which analyses, if any, can be run. 

2. It is important that samples be received and maintained cold for most analyses. If 
a sample was received warm, make note of this on the field sheet or custody 
record. 

Computer Log-In: 

1. Analysis requests are entered into the Laboratory Information Management System 
(UMS). The UMS database is used for scheduling of analytical work and to produce 
accounting invoices. Analysis requests are entered into the LIMS database as follows: 
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Computer Log-on 

• Tum on the computer terminal. 

• Enter user name > last name [return]. 

' • Local prompt > c_chico [return]. 

• User name: ACSORA [return]. 

• Password: [rewm]. 

• Please enter your last ( 15 characters max.): Last name: [return]. 

• $Labmenu [return]. 

• Username: Last name [return]. 

• Password: [return]. 

• Select Log-in/Order entry and press [commit]. 

2. The log in screen will appear as shown in figure 2. Using information on the 
chain-of-custody, proceeds as follows: 

a. Enter project number (return). Account number and name will be filled in 
automatically. If the information matches the project name on the 
chain-of-custody, press return. 

b. Sample date automatically defaults to yesterday's date. If this is correct, press 
return or override with correct date. 

c. Enter sample identification from station location on the chain-of-custody and 
press return. 

d. Enter proper matrix number and press return. 

e. Desc This is used if sample identification is longer than the number of 
characters in the sample Identification field. (Return to override or enter 
information and return.) 

f. Date received automatically defaults to today's date. If correct, press return or 
· override with correct date. 

g. Days to process automatically defaults to 14 days. If this is correct press return 
or for standard turnaround time (usually 4 weeks) or if rush work, (indicated on 
request form) override with the number of days until due. 

h. Duedate: First date listed is report date, second date is the lab due date which 
can be changed if necessary by changing days to process. 

i. Comments: Enter"! CLP Protocol", special tests or other information needed 
to analyze samples correctly and press return. 
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j. Manager: Filled in automatically; press return if correct or override. 

k. Markup/Discount: Return if correct or override. 

• % Markup/Discount: For accounting. Enter a negative number for a 
discount (i.e. -15 for 15%) and a positive number for markups (i.e. 100 for 2 x 
price). Check accounting sheets for projects with special pncing. 

1. To enter parameters, press Next Screen (see Figure 2A). 

Note: To move from block to block press Next/Previous screen. To move from 
field to field, press Returntrab or F12 (previous field) key. 

m. Matrix automatically defaults to matrix entered above (return or override). 

n. 

o. 

p. 

q. 

r. 

s. 

Enter the pro_eer code name for the test to be run from report MFOl. Use 
parent codes if applicable for quicker entry. (Press the down arrow key, return.) 
To delete use remove key. 

To enter address for the report, press Next Screen (see Figure 2B). 

Type: Report (return). 

If an address has already been entered and matches the chain-of-custody press 
Commit and return. 

If no address appears, press return until cursor is in the City field. Type in the 
city and press return. 

Type in state (press Commit and return). After city and state have been entered 
for the first sample, it will automatically be copied for the rest of the sample 
numbers in a single log-in. 

3. To duplicate the entry for another sample on the same chain-of-custody: 

a. If next sample to be entered has all the same information as the previous sample 
entered, press DupUcate Record key (F7). 

b. Enter sample identification and press Commit key, return. 

4. To duplicate only the information in the upper block of the log-in screen (sample 
date, matrix etc.): 

a. Press Create Record key (Insert Here) and enter sample identification. 

b. Press Previous Screen (F12) if sample date needs to be changed. 

c. Press Next Screen, return. Then press Next Screen again to enter new product 
codes for the analyses requested. . 
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d. Press Previous Screen to enter new sample or to quit. 

e. Press Oear Form (F17) to enter a new chain-of-custody (new log in number). 

f. Press Exit/Cancel (PF4) to exit from the log-in screen. 

• Press Exit/Cancel to exit from the LIMS system. 
• At the VMS $prompt, enter LO (return) to log off the VAX computer. 
• Enter N (return). 

5. To print daily log-in reports: 

a. Print out the appropriate FS02 reports for only the samples logged in that day. 
The computer printout must be checked against the custody record or field 
sheets by the inorganic/organic supervisors so that any errors can be corrected. 
Print a report as follows: 

b. Select "Seedpak Reporting" from the main menu, and press Commit 

c. Select FS02 and press Commit 

d. Enter today's date, press Commit and return. 

e. The inorganic/organic supervisors are responsible for updating and printing lab 
schedules as they require them. 

f. Any "rush" work is to be brought to the inorganic/organic supervisors' attention 
immediately. 

Samnle Storage: 

1. Samples and extratts will be stored in a secure area designated for strict 
chain-of-custody samples. 

2. Damaged samples will be disposed of in an appropriate manner and the method of 
disposal documented. 

3. The laboratory and sample storage areas are secure with strict limited access by only 
laboratory personnel. 

4. Whenever samples are removed from storage, the removal will be documented. All 
transfers of samples will be documented on the internal chain-of-custody records. 
(Refer to Figure 5). 

5. Samples and extracts will be stored after completion of analysis in accordance with 
the contract or until sample custodian is instructed otherwise by the enforcement 
Project Officer. 

6. The location of stored organic extracts will be recorded. 

7. VOA samples will be stored separately from organic extracts. 

8. Standards are stored separate from samples. 
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9. Samples requiring refrigeration are stored in the walk-in coolers refrigerator. Metal 
samples are stored in the black cabinets in log-in. Metal digestates are stored on 
shelves in the metals lab. 

Samnle Security: 

1. Samples will be stored in a secure area. 

2. Access to the laboratory will be through a monitored area. Other outside-access 
doors to the laboratory will be kept locked. 

3. Visitors will sign a visitors log (located at the reception area and will be escorted 
while in the laboratory area. 

4. Refrigerators, freezers, and other sample storage areas are secure as they are located 
within the laboratory. 

5. Only laboratory personnel have access to the laboratory. 

6. Samples will remain in secure sample storage until removed for sample preparation 
or analysis. All transfers of samples into and out of storage will be documented on an 
internal chain-of-custody record. An example of an internal chain-of-custody record 
used for this procedure is attached. (See Figure 5). 

7. These internal custody records will be maintained in the project file. 

8. After a sample has been requested from storage by the analyst, the analyst is 
responsible for the custody of the samples. Each analyst must return the samples to 
the storage area before the end of the working day. 

Internal Chain-of-Custody: The following {>rocedure for documentation of internal 
chain-of-custody for samples requiring continuous custody. 

1. All transfer of samples into or out of the storage areas will be documented on an 
internal chain-of-custody record (see Figure 5). These records are maintained by the 
sample custodian. 

2. Once a sample is removed from a walk-in by the sample custodian, he/she will then 
give it to the analyst, who is then responsible for the custody of the sample. Each 
analyst must return samples to the walk-in before the end of the working day. 
Samples are not allowed to sit on the bench overnight. 

3. The next morning, the sample custodian will put samples back in their proper place 
on the shelves. Sample custodian is responsible for signing sample request sheet that 
samples were returned properly. Any remarks will also be noted by the sample 
custodian. 

4. When sample analyses and necessary quality assurance checks have been completed 
by the laboratory the unused portion of the sample should be disposed of properly. 
(See sample disposal section.) All identifying tags, d~ta sheets, and laboratory records 
shall be retained as part of the permanent documentation of the project. Tags and 
forms are never disgarded! 

[QASOP-499) COC3-8 Rev Date 12/91 

-



Sample Disposal: 

1. Due to limited sample storage facilities available, the following guidelines have been 
created for sample storage/disposal. Sample storage time may be extended upon 

client's request. 

a. Two months after the report issue date, aqueous inorganic samples which are in 
cold storage are to be transferred to warm storage. 

b. Two months after the report issue date, aqueous organic samples which are in 
cold storage are to be transferred to warm storage. 

c. Three months after report issue date, soil samples which are in cold storage are 
to be transferred to warm storage. 

d. Samples in warm storage should be disposed of as follows: 

[QASOP-499] 

• Aqueous Samples: Two months after report issue date, a memo is sent to the 
project manager stating that the samples will be disposed of 1 month from the 
date of the memo. The samples are then disposed of 3 months after report 
issue date unless project manager requests alternate arrangements. 

• Non-Aqueous Samples: Six months after report issue date, a memo is sent to 
the proJect manager requesting permission to dispose of the samples. This 
memo is repeated on a quarterly basis until project manager approves sample 
disposal. . 
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FIGURE 2 

+------------------------------ login/Order Entry -----------------------------+ !Project #: STANDARD Acct: I 
+------------------------------------------------------------------------------+ Sample #: Sample Date: Sample ID: 

Matrix: Desc: 
Received: ~-FEB-90 Days to Process: 14 Due Date: 
Comments: - Manager: ----

Order: on 14-FEB-90 Price/Cost: -o----/ ..... O.---
log1n: % Markup/Discount: 0 

+---------------------------------------------------------=====----------------+ Matrix Product Type Price Cost Hold date Plist 

+--==---------------------------------=---------------------------------=------+ 
Char Mode: Replace Page I Count: *0 



FIGURE 2A 

+------------------------------ Login/Order Entry -----------------------------+ 
!Project #: 60818.00 Acct:9999 __ GPC-576 I 
+~-----------------------------------------------------------------------------+ 

Sample #: 496-003 ·Sample Date: 28-JAN-90 Sample ID: MW-3 _____ _ 
Matrix: 1 GrounaR20 Desc: 

Received: 3T-JAN-90 Days to Proce"="'ss~:___....,lrx4--n:uu-:-::e~on-:a~t-=-e7'"": -.,..1-r4-~F-rETT"B_-rgmo 12-FEB-90 
Comments: -- Manager: CLARK, J 

Order: 619 on 31-JAN-90 Price/Cost: 312 --;,..,..a---
Login: 496 % Markup/Discount: 0 

+---------------------------------------------------------=====----------------+ 
Matrix Product Type Price Cost Hold date Plist 
1 GroundH20 AG S 12 0 12-FEB-90 S 
1- GroundH20- AS S 25 0 12-FEB-90 S 
1- GroundH20- BA S 12 0 S 
1- GroundH20- CD S 12 0 12-FEB-90 S 
1- GroundH20- CR S 12 0 12-FEB-90 S 
1- GroundH20- DIGASSE S 0 0 S 
1- GroundH20- HG S 32 0 25-FEB-90 S 
1- GroundH20- PB S 22 0 12-FEB-90 S 
1- GroundH20- SO S 10 0 S 
1- GroundH20- SE S 25 0 12-FEB-90 S 

+---=----------=---------------------------------------------------------------+ 
v Char Mode: Replace Page I Count: 1 



FIGURE 2B 

Type # 
REPORT 1 

Sample Addresses for 496-003 
+------------------------------------------===-------+ 

Name: --- Addr 1: -----
Addr 2: 

City: ~Roms~E~v~rc~c~E---------------------
state/ZIP: MN_ ------

Phone: 
Type 

Name: 
Addr 1: 
Addr 2: 

City: 
State/ZIP: 

Phone: 
Type 

Name: 
Addr 1: 
Addr 2: 

City: 
State/ZIP: 

Phone: 

Char Mode: Replace Page 2 Count: *I 
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(A) 

(6) 

(C) 

(0) 

(E) 

(F) 

1-3 Analyses; 250 ml required 
4-7 Analyses; 500 ml required 
)8 Analyses; 1000 ml required 

1-3 Analyses; 250 ml required 
4-7 Analyses; 500 ml required 

The metals selenium, arsenic, silver, mercury and hardness require 

additional volume. Use the following bottle scenario; 
-One 250 ml bottle for all metals excluding above 
-One 250 ml bottle for all metals plus two of the above analytes (exce~t 

mercury). If mercury is required, an additional 250 ml is required. 

Label bottle for mercury analyses. 
~One 500 ml bottle for all metals, including all five of the above 

analytes. Two 250 ml bottles may be used instead. 

Dissolved solids require 100 ml of sample. This volume can be included 

in the (A) unpreserved bottle. 
The volume required for suspended, total and volatile solids deoends on 

the nature of the sample. Dirty samples require 100-250 mL, clea~ 
require :ooo ml. Sample accordingly. 

Collect samole in either a 250 ml amber bottle with inverted cao or 250 

or 500 ml amber bottle with teflon septa. Collect with no headsp~ce. 

Collect 250 ml. :tsing either sterilized Whi:~-Pak bag or nalgene bottle. 

Collect in Wh~rl-Pa!< bags with sodium thiosulfate (NazS203) additive if 

the sample is chlorinated. 

(G) Collect the sample in a 1-liter wide-mouth jar. Collect at least SCO 

grams for analysis. 

(
:.J' . ') 

(I) 

( J) 

Volatile organics may also be collected using two 40-ml VOC vials . 

Add 0.6 g ascorbic acid if residual chlorine is present. 
Maxfillum ho:dfng t1me is 2J hours when sulfide is present. Cpt~onally aii 

samples may be tested with lead acetate paper before pH adjustments in 

order to deter.nine if sulfide is present. If sulfide is present, remo·te 

by the addition of cadmium nitrate powder until a negative spot test is 

obtained. The sample is then filtered and NaOH is added to pH )12. 

Preserve chlorinated samples with 1 crystal of sodium thiosulfate 

(NazSz03) p~r vial. 
Samples can be either preserved with 1:1 HCl or left unpreserved. 

Samples receiving no pH adjustment must be analyzed within 7 days of 
samp 1i ng. 
Samples that contain hydrocarbons (samples from gasoline or fuel oil 

contaminated sources) ~ust be preserved with 1 drop of 1:1 hydrochloric 

acid (HCl). 
If either acrolein and acrylonitrile are to be aiialyzed, the pH shou1d be 

adjusted to 4-5 with 1:1 hydrochloric acid (HCl). Samples receiving no 

pH adjustm~nt must be analyzed within 3 days of sampling. 
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(K) Add 0.008% sodium thiosulfate (NazSz03) if residual chlorine is present. 

{L) Adjust pH to 5-9 with sulfuric acid (HzS04). The pH adjustment may be 
performed upon receipt at the laboratory and may be omitted if the 
samples are extracted within 72 hours of collection. For the analysis of 
Aldrin, add o.oos: sodium thiosulfate {NazSz03) to the sample. 

(M) Collect two (2) 1000 ml amber glass bottles with teflon-lined ca~s per 
analysis. 

(N) Collect two (2) 80 oz amber glass bottles with teflon-lined caps for one 
or both analyses listed. Alternatively, four (4) 1-liter a~ber bottles 
with teflon-lined caps may be used. 

(0) The holding time is 7 days until extraction, 40 days after extrac:ion. 

BJH/cac 
[cac-?00-93A] 

-



FIGURE 5 
WARZYH SAMPLE REQUEST SHEET 

Requested By: ~~------
Date/Time Submitted: ------

1 am requesting: 
Pro.iect No. Samole Nols) 

am returning: 
Proiect No. Samole Nols) 

Need Samples By: 
Date:----
Time:-----

Parameter Matrix 

I I 
Date/Time: 

Remarks 

Remarks 



AppendixE 

Data Validation Procedure for Evaluating Inorganic Data 



Scope and Application: 

DATA VALIDATION PROCEDURE FOR 
EVALUATING INORGANIC DATA 

This standard operating procedure (SOP) describes Warzyn's procedure for 
evaluating inorganic data according to procedures specified in a Quality 
Assurance Project Plan (QAPP). Each analytical procedure is specific to a 
project and is found or referenced in the QAPP. The reviewer must 
evaluate whether the procedure was adhered to and that the required 
Quality Control (QC) requirements were met as described in the QAPP and 
evaluate the usability of the data. 

References: 

1. Laboratory Data Validation Functional Guidelines for Evaluating 
Inorqanics Analyses, Hazardous Site Evaluation Division, U.S. EPA, 
July, 1988 (or most current). 

2. Statement of Work for Inorganics Analysis, U.S. EPA Contract 
Laboratory Program, SOW No. 788, July, 1988 (or most current). 

3. Quality Assurance Prefect Plan {QAPP) containing the analytical 
procedures required for evaluation. Each QAPP is specific to a 
project. 

Requirements: 

1. It is recommended that the reviewer be familiar with the RAS 
Inorganics validation process (refer to the Validation Guidelines and 
Statement of Work above) prior to evaluating this data. The 
evaluation and action criteria described in this SOP are very similar 
to the RAS Inorganics validation process. 

2. All completed validated data packages must include the following: 

a. Data Validation Narrative 
b. Validated Results; with data qualifiers added and pages stamped 
"VALIDATED". 

NOTE: It is not necessary to include the raw data with the completed 
validated data package, since a copy of the raw data package already exists in 
the project file. Only include raw data if there are major concerns or 
deficiencies with the data set. 

Procedure: 

1. Screen the data package to see that the samples and analytes 
undergoing evaluation concur witH what was requested on the PRrquest 
for Data Validation" form (refer to Figure 1). If discrepancies 
occur, contact the data management coordinator for clarification prior 
to continuing. 



2. Review the QAPP and the specific analytical procedure for the analyte 
undergoing evaluation. They will contain: 

a. A summary of the method required and method reference, 
b. The applicable matrices and recommended hold times, 
c. An approximate number of samples and matrix, 
d. Special technical instructions, · 
e. Required deliverables, 
f. Data Requirements (Detection limits, Precision, etc.), and 
g. Quality Control Requirements. 

3. The reviewer must evaluate the data according to the quality control 
criteria specified in the QAPP. The evaluation of each analyte, in 
most cases, will include a review of the following criteria: 

a. Methodology, . 
b. Raw Data/Quality Control Deliverables, 
c. Detection limits, 
d. Holding Times, 
e. Calibration (Initial and Continuing), 
f. Blanks (Calibration and Preparation), 

·g. Laboratory Control Samples (EPA Reference Samples), 
h. Laboratory Duplicates, 
1. Matrix Spikes, 
j. Sample Result Verification, , 
k. Field Duplicates, 
1. Other (as specified in the procedure), 
m. Overall Assessment for a Case. 

4. Evaluate the data for the criteria above as follows: 

A. METHODOLOGY 

Evaluation 
1. Examine the data to determine if the acceptable analytical 

methodology was used as indicated in the QAPP. 

2. Determine if the analytical procedure was followed. 

Action 
~ an acceptable analytical method was not used, contact the 

Project Manager. It is the Project Manager's responsibility to 
inform the reviewer to continue the validation process of the data 
as received, or to reject the data. In some cases reanalysis or 



resampling may be required, however the decision is left up to the 
Project Manager. The Project Manager may require that the 
reviewer determine the "usability" of the data package as 
submitted prior to deciding what formal action should be taken. 

2. If the analytical procedure was not followed as stated, use 
professional judgement in determining whether ·the data should be 
qualified as estimated or unusable. 

B. RAW DATA/QUALITY CONTROL DELIVERABLE$ 

Evaluation 
1. The QAPP will specify what information should be submitted as part 

of the data package. Determine whether the data package submitted 
is complete as described in the QAPP. Usually the following will 
be required: 
- Method used, 
- Calibration/standardization information, 
- Bench records tabulating the order of analysis of samples, 
standards, blanks, duplicates and spikes with the resulting 
instrument readouts and final concentrations. Records submitted 
should be complete enough such that all results could be 
recalculated from this raw data. 
- Photocopy of all instrument readouts (strip charts, printer 
tapes, etc.) · 
- Reference (QC) samples to be identified by source, lot number 
and sample number, with corresponding true values and 95~ 
confidence limits provided. 
- Custody records 

Action . 
1. If ~he data package is not complete, contact the data ~anagement 

coordinator. The data management coordinator will contact the 
appropriate laboratory or project manager and obtain the 
information necessary to complete the evaluation process. 

C. DETECTION LIMITS 

Evaluation 
1. Eva 1 uate whether the detection limits required 1 n the QAPP were 

achieved by the method used. 

Action 
~detection limits were not reported at least to what was 

required in the QAPP, review the raw data to determine if the 
detection limits were achievable. If they were, recalculate the 
data and report results to the required detection limits. 

2. If detection limits were not achievable by the laboratory, 
determine why (laboratory sensitivity problem or detection limits 
unobtainable for the meth.od used. Inform the project manager of 



the situation. The project manager will determine whether the 
evaluation should be completed. 

D. HOLDING TIMES 

Evaluation 
1. Determine whether the established holding times were met. The 

holding time is established by comparing the DATE SAMPLED with the 
DATE OF ANALYSIS found on the raw data. Required hold times 
should be noted in the QAPP. 

2. Examine the digestion/distillation logs to determine if samples 
were preserv~d at the proper pH. 

Action 
~ hold times were not noted in the QAPP, use the EPA-recommended 

hold times and apply these hold times to both water and soil 
samples. 

2. If holding times and preservation criteria are not met, qualify 
all results) Instrument Detection Limit (IDL) and estimated (J) 
and results ( IDL as estimated (UJ). 

3. Use professional judgement in cases where the holding time is 
grossly exceeded. The expected bias would be low and the reviewer 
may determine that results ( IDL are unusable (R). 

E. CALIBRATION 

Evaluation 
1. Verify that the instrument was calibrated daily and each time the 

instrument was set up using the correct number of standards and 
blank. In cases where a curve set-up is not applicable (i.e. a 
titrimetric procedure), verify that the titrants were standardized 
as required in the procedure. 

2. Verify that the correlation coefficient is 2 0.995 (unless 
otherwise specified). . 

3. Verify that the calibration verification standards (ICV/CCV) were 
run at the appropriate frequency and that results were within 
acceptable limits as stated in the QAPP. 

' 4. Recalculate approximately 10% of the ICV/CCV using the following 
equation: 

%R = Found x 100 
True 

Due to possible rounding discrepancies, allow results to fall 
within 1% of the contract windows. 

-
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1. If the minimum number of standards as required in the QAPP were 
not used for initial calibration, or if the instrument was not 
calibrated daily and each time the instrument was set up, qualify 
the data as unusable (R). 

2. If the correlation coefficient 1s ( 0.995 (or as specified in the 
QAPP), qualify results) IDL as estimated (J) and results) IDL as 
estimated (UJ). 

3. If standardization of titrants was required and not performed, use 
professional judgement in qualifying the data. The reviewer 
should review ICV/CCV, EPA reference sample results and other 
criteria prior to determining if the data should be qualified as 
estimated (J if) IDL; UJ if ( IDL) or unusable (R). 

4. If the ICV/CCV %R falls outside the acceptable limits, use 
professional judgement to qualify associated samples. If possible, 
indicate the bias in the review. The following guidelines may 
assist the reviewer in qualifying the data: 

- If the ICV/CCV %R is significantly greater than the upper 
control limit ·(UCL), qualify associated results) IDL as unusable 
(R); results ( IDL are acceptable. 

- If the ICV/CCV %R is significantly lower than the lower control 
limit (LCL), qualify all associated data as unuseable (R) 

- If the ICV/CCV %R are outside the acceptable limits, yet 
relatively close to the limits, qualify associated results as 
estimated (J if) IDL; UJ if ( IDL and the %R 1s below the LCL). 

F. BLANKS 

Evaluation 
1. Review the raw data for all blanks and verify the results were 

accurately reported. 

2. No contaminants should be found 1n the blanks (i.e. all blank 
results should be ( IDL). 

3 •. Positive blank results must not be corrected by subtracting off 
the blank value from the sample results. 

Action 
r:--sample results ~ IDL but less than 5 times the maximum 

concentration found in any blank should be qualified as not 
detected (U). . 

2. Any blank with a negative result whose absolute value 1s ) IDL 
must be carefully evaluated to determine if the sample data is 
biased in any way. 



G. LABORATORY CONTROL SAMPLES {EPA REFERENCE SAMPLES) 

Evaluation . 
1. The laboratory control sample (LCS) serves as a monitor of the 

overall performance of the analysis including all preparation 
steps. Review the LCS and verify that the results fall within the 
control limits required. (If no limits noted, use 80-120% for the 
control limits.) 

2. Check the raw data to verify the reported recoveries. Recalculate 
one or more recoveries {%R) using the following equation: 

Action 

LCS %R = LCS Found x 100 
LCS True 

~ results are < IDL and the LCS recovery is above the UCL, the 
data are acceptable. 

2. If the LCS recovery for any analyte falls within the range of 
50-LCL, or ) UC_L, qualify results ) IDL as estimated (J). 

3. If results are< IDL and the LCS recovery falls within the range 
of 50-LCL, qualify the affected results as estimated {UJ). 

4. ·If the LCS recovery results are ( 50%, qualify the data for the 
affected analytes as unusable {R). 

5. If a LCS was required and not run, use professional judgement to 
determine whether the data is estimated (J) or unusable (R). 

H. LABORATORY DUPLICATES 

Evaluation 
1. Review the duplicate data and verify that the results fall within 

the criteria required. If no criteria exist, use the limits of 
20% for the Relative Percent Difference (RPD) or± IDL if results 
are ( 5x IDL (35 RPD or± 2x IDL if) Sx IDL for soils). 

2. Review the data and verify that the duplicate analysis was not 
performed on a field blank. 

3. Check the raw data and recalculate one or more RPD using the 
following: 



RPD = ~ x 100 
1$+01/2 

where, S = Original sample value 
D = Duplicate sample value. 

Action 
r:--Yf duplicate analysis results for a particular analyte fall 

· outside the appropriate control windows, qualify the results for 
that analyte in all associated samples of the same sample matrix 
as estimated (J). 

2. If the field blank was used for duplicate analysis, carefully 
evaluate all other quality control data and use professional 
judgement in evaluating the data. 

I. MATRIX SPIKES 

Evaluation 
1. Rev1 ew the matrix spike data and verify that the results fa 11 

within the limits specified. If no criteria exists, use the 
limits of 75-125% for bot~ water and soil matrices. 

2. Check the raw data and recalculate the % Recovery of at least 10% 
of the data. Use the following equation to verify that the 
results were calculated correctly: 

Where, 

%R = (SSR - SR) X 100 
SA 

SSR = Spiked Sample Result 
SR = Sample Re~ult 
SA = Spike Added 

3. Review the data and verify that the field blank was not used for 
the spike analysis. 

Action 
~ the spike recovery is ) 125% (or) UCL stated in the procedure) 

and the sample results are ( IDL, the data is acceptable for use. 

2. If the spike recovery 1s ) 125% or ( 75% () UCL or ( LCL stated in 
the procedure) and the sample results are ) IDL, qualify the data 
for these samples as estimated (J). 

3. If the spike recovery falls within the range of 30-74% (30-LCL) 
and the sample results are ( IDL, qualify the data for these 
samples as estimated (UJ). 

4. If any spike recovery results are ( 30% and the sample results are 
( IDL,. qualify the data for these samples as unusable (R). 



5. In cases where more than one spike analysis was performed and one 
or more %R results were outside acceptable ranges, use 
professional judgement when qualifying the data. Matrix spikes 
should be performed on each sample matrix. Qualify data of 
similar matrix as the spiked sample if different matrices in the 
data package~ 

6. If the field blank was used for the spike analysis, carefully 
evaluate all other quality control criteria and use professional 
judgement in evaluating the data. 

J. SAMPLE RESULT VERIFICATION 

Evaluation 
1. Examine the raw data to verify the analyte quantitation was 

calculated as stated in the procedure. Re-calculate a minimum of 
10% of the sample results to verify results were calculated 
correctly. 

2. Examine the raw data for anomalies such as baseline drift, 
negative absorbances (indicative of interfences), omissions, etc. 

3. Verify there are no transcription or reduction errors (dilutions, 
percent solids,· sample weights) on at least 10% of the samples. 

4. Verify that all results fall within the calibrated range. 

Action . 
1. If any discrepancies are found and can be corrected, make the 

corrections and note. Increase the level of quality control if 
necessary. If the discrepancy cannot be resolved by the reviewer, 
contact the data management coordinator. The laboratory or 
appropriate agency will be contacted and the information necessary 
to complete the evaluation will be requested. The project manager 
should be informed of the delay in the validation process. If any 
discrepancy remains unresolved, use professional judgement in 
qualifying the data. · 

K. FIELD DUPLICATES 

Evaluation 
1. Field duplicate samples measure field and lab precision and 

therefore the results may have more variability than lab 
duplicates. Review the field duplicate data and calculate the 
·RPD. No criteria exists for evaluating the data. 

Action 
~ the RPD is ) 50%, note in the narrative. Use professional 

judgement in qualifying any data. Review the raw data to verify 
that no reduction errors exist. This is to verify that the 
discrepancy is due to sampling techniques (sampling, preservation, 



filtering, etc.) rather than laboratory error. Make notation of 

the discrepancy in the narrative. 

L. OTHER (as specified in the procedure) 

Evaluation 
1. Review the procedure for any other quality control criteria not 

covered under the above sections. Examples of additional 
information required may be: ICP interference check· samples, 
special AA quality control checks, distilled/digested blanks and 
standards, standardization, specific methodology requests for 
different concentration levels, etc •. 

Action 
~specific quality control criteria were required and not 

followed, the project manager should be informed. 

2. If the data was outside the acceptable ranges, use professional 
judgement in qualifying the data. Clearly identify your action 
and justification of the action in the narrative. 

M. OVERALL ASSESSMENT FOR A CASE 

1. It is appropriate for the reviewer to make professional judgements 
and express concerns and comments on the validity of the·overall 
data package. This is particularly appropriate when several QC 
criteria are outside specifications. It is the reviewers 
responsibility to thoroughly document and explain all data 
validation qualifiers added to the data. 

2. The following is a summary of data validation qualifier 
definitions which can be used in evaluating the data: 

U The material was analyzed for, but was not detected above the 
level of the associated value. The associated value is either 
the sample quantitation limit or the sample detection limit. 

J The associated value is an estimated quantity due to quality 
control criteria not being met. 

R The data are unusable. The analyte may or may not be present. 

UJ The material was analyzed for, but was not detected. The 
associated value is an estimate and may be inaccurate or 
imprecise. 

5. Once the data has been evaluated against all of the points described in 

part 4, the evaluator can prepare the data validation narrative. 

The data validation narrative should be a summary of the data quality 

indicating any problems or deficiencies found with the data set. If 



possible, on data qualified as estimated, note if the data is biased 
high or low. It is easiest to discuss each analyte separately. Refer 
to Figure 2 for the form to be used when writing the data validation 
narrative. 

6. Record any data validation qualifiers (DVQ) to the left of the results 
on the analytical report. The laboratory qualifiers (LQ) will usually 
recorded to the right of the result by the laboratory who performed the 
analytical work. A copy of the lab qualifier definitions should be 
supplied with the data. Data entry people need to be able to 
distinguish between DVQ and LQ, so note location of qualifiers if 
located other than above. 

7. Record the sample ID and date sampled as noted on the Chain of Custody 
on the analytical report. 

8. Hilight POSITIVE-HIT data with a hilighter. 

9. Stamp all of the analytical reports "VALIDATED". A "VALIDATED" stamp 
can be obtained from the data management coordinator. 

10. ·sign and date the Data Validation Request Form. 

11. A quality control review needs to be performed on the validated data 
package. The entire validated data package (including raw data, 
evaluator's notes and narrative) should be submitted to the QC reviewer 
for a final revi~w. 

Quality Control Review: 

1. The purpose of this quality control review is to verify that the data 
were validated according to the guidelines above, that all data 
validation qualifiers were added and also that the narrative is 
complete. 

2. Review the validated data package for completeness. The data package 
should contain the following: 

- Data Validation Request Form 
- Inorganic Data Validation Narrative 
- Validated Analytical Results 

3. Verify that results exist for all samples and all analytes requested in 
the data package. 

4. Review the data validation narrative with the validated results for 
consistency, i.e., if the narrative stated that a particular analyte 
was qualified, verify that the qualifier has been recorded with the 
associated data. Check approximately 10% of the qualifiers. If 
discrepancies are found, increase the level of QC checks. 



.... :· 
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5. Review the narrative; check that the data has been evaluated according 
to the quality control criteria specified in the QAPP. 

6. Verify that all positive-hit data have been hilighted and that the 
sample descriptions and sampling dates have been recorded on every 
result page. 

7. Verify that the reviewer has signed and dated the validated data 
package. 

8. If no discrepancies exist, sign and date the Data Validation Request 
Form. If the data package requires clarification, review the raw data 
and/or obtain clarification from the reviewer. 

9. Deliver the final validated data package to the Data Management 
Coordinator when the quality control review is completed. 

10. Recycle any raw data. Raw data is not submitted with the final 
validated data package • 
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DATA VALIDATION NARRATIVE 
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